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PJIEFACE 



HTS little book is designed to provide an easy and 
])leasant introduction to the study of the sky. 

It is written in the form of a ‘ talk,’ and spread 
ov(U‘ its pages are many illustrations, largely from 
actual photographs. The author hopes that young 
people, by r(*ading the text and poring over the 
pietin‘('s, will be led to an intimate acquaintance 
\\ith the heav(uily bodies. 

The subject is approached from the observational side. The 
read(‘r is taketi out in the o]kui air, and his attention is directed 
to the various plienomena to be seen upon the dome of the 
sky which arches over him. 

From th(' phenomena observed, by a simple and logical line 
of reasoning, the observer is led to realize the true meaning of 
the things he sees, and to understand why astronomers believe 
that the earth rotates upon an axis and at the same time 
revolves about the sun. It is shown how easily we can be 
deceived, and why we must exercise our reasoning power in 
order to decide what theories to accept or reject. 

The development of our fundamental ideas regarding the 
general structure of the universe is unfolded in Part 1. A 
certain effort of continuous thought is required to follow it, 
but the author thinks the effort is well worth while, and indeed 
is filmost essential to a proper comprehension of the great 
universe. Moreover, it is quite within the power of the older 
pupils in primary schools, to say nothing of those farther on 
in their mental development. 

Parts II and III deal, at some length, with the earth, the 
sun, the moon, the planets, the stars, and the other heavenly 
bodies. Any section of any chapter may be read by itself, and 
it will be found full of interesting facts. 

The successive matters discussed are arranged in a definite 
connected sequence, so that the whole has a certain complete- 
ness about it ; but the author wishes to say that this work has 
not been prepared with the intention that it should be used as 
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a formal course of study. His chief object has been to give a 
clear and vivid picture of our great universe, so that his readers 
will actually see — ^with the eye of the mind — our family of 
planets revolving about the sun, and the myriads of celestial 
bodies, those other suns, existing far out in the depths of space. 
His aim is to excite the wonder of young people, to fire their 
imaginations, and to convey to them some notion of the majesty, 
the mystery, and the sublimity of it all. 

Those who know nothing of the world of nature about them 
or of the heavens above them miss many of the intellectual 
and spiritual pleasures of life. 

Above the doorways of many ancient Eg3^tian temples was 
carved a winged sun. This directed attention to the beneficent 
Ruler of the Day, and also suggested the hope that those who 
entered might have their minds so illuminated that they would 
be able to comprehend the mysteries of life here and hereafter. 

The author would humbly express the hope that all who 
seek to enter the Temple of Astronomy by way of the chapters 
which follow may receive mental enlightenment, and may also 
develop an increased reverence for the wonderful works of the 
great Ruler of the universe. 

Let knowledge grow from more 1o more, 

But more of reverence in us dwell. 


C.A. C. 
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PART I 

THE CELESTIAL SPHERE AND ITS MOTIONS 

CHAPTER I 
THE CELESTIAL SPHERE 

The Sphere formed by the Sky 

I E'r us go out into the open air and look around us. 
! We seem to be standing upon a level plain, 
at the centre' of a great hemisphere formed by 
the overarching sky. It is not easy to get a 
pei-fect view of this hemisphere if one is in the 
midst of a city, since the houses obstruct our 
vi('w ; but when we are out in the open fields or 
on a wide expanse of water the full hemisphere 
of the sky is clearly seen. 

One question naturally arises : Does the sky form only the 
half-sphere, or is there another half below our level plain and 
thus hidden from us ? 

As we continue in our study of the sky we shall be led to 
think that it really forms an entire sphere, one half being above 
our level plain, the other half below. This is shown in Fig. 1. 
Here we see a person at the centre of a level horizontal plain. 
Over him the sky forms a hemisphere, and under him, but 
unseen by him, it forms another hemisphere. 

This sphere formed by the sky is called the celestial sphere. 

The Daily Motion of the Sun 

Suppose the time is nine o’clock in the morning. The sky is 
blue, perhaps with white clouds, and in the south-east we see 
a very bright object which we call the sun. It looks, up there 
among the clouds, liWe a round disc on the inner surface of the 
sky. 

We know that it always rises in the east — although very few 
of us ever see it come up from beneath our horizontal plain ! — ' 
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that it moves upward and westward, and that it reaches its 
highest position m the south at noon. We see it thoi eontinue 
to move to the west, and, gradually getting lower in the sky, 
we see it sink in the evening below the western horizon. In 
Fig. 2 we see the sun, first as its upper edge just appears above 



Fig 1 Thpj Cblistial SriiEKE 

The obscivei is at tho centie of a horizontal plum, with tho sky forming 
a hemisphero over him. 

Drawn by F, S, Smith 

the eastern horizon, then in its position at noon, and then just 
as it is disappearing below the western horizon. 

Here is another question. Does the sun move along the sky, 
or is it fastened upon it, so that the sun and the sky must move 
together ? Did you ever think about that ? 

The Daily Motion of the Moon 

At night the scene is changed. The sky is dark blue, almost 
black, in colour ; and on it are numerous bright dots which we 
call stars. Some are quite brilliant, while many are faint and 
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can be seen dSily by looking carefully for them. Groups of 
these stars seem to form triangles, squares, a plough, and other 
figures. We shall examine some of them more closely a little 
later. 

Probably the moon can also be seen in one of its many shapes, 
or ‘ phases,’ as they are called. Suppose it is round like the 



Fio 2 Tue Celestial Spuebe 

To the observer ot the con tie the aun appears to rise in the oast, to move upward 
and westward, reaching ita highest point at noon, and then to move over and set in 
the west. Drawn by F 8 Smith 

sun — ^in which case it is said to be ‘ full ’ — and we see it over 
in the east, near the horizon. Let us watch its behaviour. 
We find that it continually moves over to the west, and dis- 
appears below the western horizon just as the sun does. 

Indeed, whatever the moon’s shape may be, if we closely 
observe it we shall see it move over and set in the west. 


The Daily Motion of the Stars 

Let us watch the stars also. Perhaps there are three of them 
forming a triangle low down in the east, and several arranged 
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iji a straight lino in west. In tho north we s(‘e the seven 
stars known in England as the Rlough, in America as the 
J)i])])er. Th(‘v form a part of tlie Great Rear constellation. On 
an ant limn evening? th(‘ IMoiigh ajipi'ars right side np. 

An hour or two later let us look at these stars again. Those 
in th(‘ east are much In’gher, those in the west are much lower 
— or perhfi])s have disap])eared altogether — while the Plough, or 
J)ipper, lias turned so as to rest jiartly u])on its handle. 



Kk,. 3 A .S(LNL IN Ql LLN S PAHK, ToUONJO L)A^]l(,Fri VihW 

Tlio pliologiajili ^\ IS ink(Mi in \\ iiitei, finrn u \\iiiclaw in tin* l*ni\ ijiPial Carlnunejit 
Muildings, looking noilh west. 


It obviously looks as though the entire sky, carrying the sun, 
the moon, and all tlu* stars, is in motion, turning steadily from 
cast to west, and making a complete revolution in one day ! 

Photographs by Day and by Night 

Now a good way to study the motion of a bright object is by 
photography. Here is a photograph of a familiar scene in 
Toronto, taken on a winter afternoon (Fig. 3). The camera 
was placed on the window-sill in an upper story of the Provincial 
Parliament Buildings, facing the north-west. Through the leaf- 
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less oak-trees you ean see Hart House, of the University of 
Toronto, and just to the right of it is one of the small domes 
of IVinity (^ollege. There are two motor-cars coming south, 
while three jku-soiis are walking over the snow. As the motors 
s('(‘m to l)(‘ standing still the exposure must have been only a 
very short one — a small fraction of a second. 

Next let us look at a photograph (Fig. 4) which was taken at 
night with the same camera in the same position, the exposure 



Flo 4 \ IN Qit'J'Ns Park, Toromo — Nioht Vjjiw 

For this phutogiiipli th(5 canioni was placed, at 8 p M.. in the tamo position as for 
lh( photogiaph shown in Fig. 3, but tho exposure wa-a one of hvo minutes. 


bcung one of five minutes. You see the electric lights along 
the road and also the lighted windows of the buildings. The 
road itself appears bright, but where are the cars ? As a 
matter of fact, there were many of them coming along the 
road. The headlights of each car as it moved forward made 
two curved streaks of light on the plate, and there were so 
many cars and so many bright streaks that at last the whole 
road seemed to be lighted. If you look closely you will see 
the lights of a single car as it turned outward to pass a oar 
ahead of it. Also the trails from two or three cars can be 
seen as they turned to their left to go eastward. 
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After this, with the eamera in the same position, a picture 
was taken with an exposure of twenty minutes, and here it is 
(Fig. 5). You can now see the trees and the buildings. The 
many cars which have come along have left trails of light which 
show the roads very clearly. Notice also the trails of several 



Fig. 5. A Sckne in Queen's Park, Toronto — ^Nigut View, Longer Exposure 

For this photograph the exposure was twenty minutes, and much more detail 

is shown. 


cars which turned outward to pass others, and the trail of a car 
which came from the left and went directly eastward. 

Photographs of the Stars 

Now let us experiment with the stars. 

If you face the north and raise your eyes about forty-five 
degrees or a little more (depending on your latitude) you see 
the Pole Star, with other stars about it. In Fig. 6 is a map of 
the stars as they are seen about 9 p.m. on November 1. The 
Pole Star is at the centre. It is at the end of the tail of the 
Little Bear. In America this constellation is often called the 
Little Dipper, though it is not so well shaped as the other one. 

Next we shall try to photograph them. Choosing a place 
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where the sky to the north is not very bright, we mount the 
camera on a window-sill or other solid base, and tilt it upward 
so that it is directed toward the Pole Star. Having focused 
the camera for a great distance, we open the shutter and expose 
for a long time — several hours if possible. Eig. 7 shows the 
kind of picture we get. It was taken from a city window with 



Fio. 6. Tns PoLB Stab with tbx Stabs about re 

This chart includes stars within 30° of the pole of the sky. The Pole Star is at the 
centre, and the bnghtost star seen at the bottom is one of the pointers in the side of 
the Plough or Dipper. 

an ordinary camera, the exposure being one of about two 
hours. You see a large number of trails, each one being 
produced by a star. You notice, too, that they are all arcs, 
or portions, of circles having a common centre. 

From our photograph we are led to think that^the stars in 
the north are moving in circles round a common centre, and 
we should expect the length of the trails they make to be 
proportional to the length of the exposure. The heavy trail 
near the centre^Svas produced by the Pole Star. Notice that 
this star is not exactly at the centre of the circles, though it is 
near to that point. 
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Fia 7. C'liu i MiHiLiu Si vus \m vii i u 
1*110 Lot U\l*ll 


This plioloprapJi was 1 ikon with an <>i<hnir\ 
camera, which was plaied on a window sill Lx 
posure, two hours. Tho c« ntia of (h< rut h s is iho 
north cclosti il pole. Lho hught tiuil iieai it was 
made by tho Polo Star. 


Of courbe, somewhat 
better pictures can be 
taken with a camera 
made specially for sky 
photographs. Here is 
a photograph taken at 
the Lick Observatory 
in California (Fig. 8). 
As you see, the expo- 
sure was a long one. 
How long was it ? At 
what season do you 
think the picture was 
taken ? 

Returning to our 
own photographic ex- 
periments, next turn 
the camera to the 
south, tilt it up about 
45*", or a little less, 
and make another ex- 
posure. An hour is 


long enough this time. 
This is what we get 
(Fig. 9). The camera 
with which this 
picture was taken 
was a very ordinary 
one. Indeed, any 
person can take such 
pictures. Try the 
experiment. 

All the Stars 
describe Circles 

Let us look closely 
into this picture. 

Near the middle 
are three parallel 
trails which seem 
to be quite straight. 
These were made by 



Fig. 8. rniruMPOLAE Stabs 

For tills pictiiie an exposure of twelve hours 
was gi\ on on a long winter night. 
lAdt Observatory ph/okigrafh 
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the three stars in the Belt of Orion. As perliaps you know, 
Orion is one of the glorious winter constellations. Above is 
a trail curving upward. It was 
named Betelgeuse. A short 
distance below the centre is a 
bright trail which was made by 
the star Rigel, while near th(‘ 
bottom is the trail made by Sirius, 
the Dog Star, which is the 
brightest star in the sky and 
hence makes a very bright trail. 

Note that the trails of Kigel and 
Sirius curve downward. These 
trails, as well as that of Betel- 
geuse, are arcs of circles. As 
nearly as we can see, then, the 
stars in the Belt describe straight 
lines while the others describe 
circles. 

Now how can we explain all 
this I 

It is quite easy. The entire 
sphere form(‘d by the sky, to- 
gether with the stars, which 
seem to be fastened upon it, 
appears to turn about an axis, 
and thus every star describes a 
circle. The axis passes through 
the common centre of the circles 
which we saw in the photographs of the polar stars (Figs. 7 
and 8) and also through the common centre of the circles 
described by the stars in the Southern Hemis2)here, which we 
cannot sec. 

The point in the north is called the north pole of the sky, or 
the north celestial pole ; that at the south is the south pole 
of the sky, or the south celestial pole. These are shown in the 
diagram (Fig. 10). 

The Pole Star is near, but not exactly at, the north celestial 
pole ; there is no ^atar near the south celestial pole. Midway 
between these poles is the equator of the sky, or the celestial 
equator. 

From our observations and experiments, then, it appears that 
the sun, the moon, and the stars are attached on the inner surface 


made by the famous red star 



Fio. 9. Equatorial Stars 
Amatkor Photograph 


For this picture the cairiora (an 
oichnary one) was lilted upward about 
45°p facing south. Exposure, one 
hour. The three trails at the centre 
wore made by tho stars in the Bolt 
of Oiion 
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of the celestial sphere, which turns about an axis, carrying 
all these bodies with it and making a complete rotation in one 
day. This would explain why the sun, moon, and stars rise in 
the east, cross the sky, and set in the west. 

Does the Sky really move ? 

But beware now ! Stop and think ! 

Is it really the fact that the sun, the moon, and all the stars 



Fig 10 The Celestial Sfhebb, showing the North and 
South Celestial Poles 

The sky appears to rotate about an axis which passes through the celestial 
poles, and the celestial equator is half-way between them. 

Drawn by F, S Smith 

in the sky revolve about the earth once a day ? They certainly 
appear to do so, and the people of ancient times believed that 
they actually did. Are we deceived ? Is there any other way 
to account for what we saw ? Yes, there is. 

All this time we have been assuming that the earth on which 
we live is fixed in place and at rest ; but how would the sun 
and the stars appear to behave if tee were in motion while they 
were at rest 1 
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Suppose you wish to take a railway journey. You go down 
to the station and take your seat in the passenger train. There 
is another train near by, and as you look out of your window 
you see it begin to move — or at least appear to do so. For 
some time you may not be sure whether it is your train or the 
other one which is moving, and you may perhaps have to look 
at the wheels of the other train to see if they are turning. It 
looks as if the other train was going backwani, but you find out 
that your train is going forward while the other is standing still. 


A 



Fia 11. A Camera and a Flashlamp arranged for Experiments 

The flashlamp may be rotated while the camera is at rest, or the camera may be 
rotated while the flashlamp is at rest. 


It is just the same with the earth and the stars. It looks to 
us as if the sky, carrying the stars, is moving from east to west ; 
but things would look just the same if the stars were standing 
still and the earth was turning in the opposite direction — ^that 
is, from west, to east. 

How are we going to tell whether it is the earth or the sky 
which moves? 

Experiment with a Camera and a Flashlamp 

In Fig. 11 is sho^n an apparatus with which we can make 
some interesting experiments. At the left-hand end of a board 
is a flashlamp (A) mounted on a wooden arm (H), which can be 
made to revolve by turning the crank C. Thus, if the crank is 
turned the bright little light of the flashlamp will describe a 
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circle. On the other end of the board is mounted a camera, 
which also can be rotated — by the crank 1). 

The following experiment can bo performed. The apparatus 
is taken into a darkened room, and, first of all, while the camera 
is at rest the crank C is turned, making the flashlamp describe 
a circle. You would expect the picture made by the camera to 
be simply a bright circle. Next the flashlamp is kept fixed, and 
the camera is rotated by turning the crank D. 

What is the result ? The two pictures are shown in Fig. 12. 
Each is a circle, and you cannot distinguish one from the other ! 



Fig. 12. Results of the Experiments : Two Circles 

EXACTLY ALIKE 

One circle wab obtained by rotating the flashlamp, the other by rotating 
the camera, shown iii the last pirturo. 

So it is with the stars and the earth. You cannot say whether 
the stars actually describe circles or the camera rotates as it is 
carried by the earth. 

How can we find out, then, which moves ? There are several 
experiments which have been devised to test whether the earth 
rotates, but they are all rather difficult to perform. Perhaps 
the best known is that in which a special kind of pendulum is 
used ; but the gyroscope and the experiment in which bodies 
are dropped from a great height also have been tried. All 
these experiments are described in more advanced books on 
astronomy. 

The Gyro-compass shows that the Earth rotates 

One of the most useful things on an ocean-going ship is the 
compass. Without it the captain could not find his way to 
whatever port he wishes to make. In recent years the ordinary 
magnetic compass has been to some extent displaced by Tibat 
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is known as the gyro-compass. Indeed, in a submarine this is 
the only kind of compass which can be used, since a magnetic 
compass is useless if it is completely surrounded by iron. 

A photogra])h of the mechanism of a gyro-compass is shown 
in Fig. 13, while the com])ass in its ease on board ship is shown 
in Fig. 14. I'lie (*hief part of it is a heavy wlu*el which can be 



Fto. 13. Thl Mechanism of a (tYro-compass 

This in^lrumrnt iiulirntes tr\ic north nncl south, nnd i1 would not do this 
it tho earth did nut rotate. 

Photoqraph Jn>ni the Slurry Oyrostopr ( o 

made to rotate very rapidly. Of course, it has to be very care- 
fully balanced, or the apparatus would be quickly shaken 
to pieces. The wheel is enclosed in the case (A), and in the 
type of instrument ^own in the picture it is 12 inches in 
diameter, weighs 45 pounds, and rotates 8600 times a minute. 
In some other types the number of rotations per minute is 
nearly twice as great, but the wheels are not so large and heavy. 
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The wheel and its case are mounted in a very delicate and 
accurate way. Now this ^heel, as it spins about, always moves 
until its axis is in tlu' north-south dirc'ction — until the axis is in 



tlie meridian plane, as 
the astronomer says. 
Tlie graduated eiiele 
above' is (‘oimeeted 
with the ease, and 
fiom it the ofliec'r in 
eliargc' can ICarn ex- 
act l\ 111 what dneetion 
the ship is heading at 
am time. 

Now if the earth 
did not rotate on its 
axis tlie g\ ro-eom])ass 
v\ on Id not mov e about 
and set its(‘lf as it 
doe's . and so we ha\ e 
good K'.ison to believe 
that it IS the eaith 
Avhieh turns, not llu' 
stai s The a xis aliout 
whicli the earth turns 
is the line about 
which the celestial 
sphere seems to turn 

Suppose >ou were 
standing at the North 
Pole of the earth, 
where would tlu' 
noith eeh'stial pole 
be ? Right overhead. 


Fig 14 A (J^ ko f omi'Ass tx its Binnacle 

The pyio coinprt'--' m its piolfctin^r case is m a 
place coiiveiiit lit foi the iiuvifiatiiiK oflKui to lead 
It. Soineliints the mam compass eoniioU sovorul 
uuxiliaiy dials iii other paits of the ship. 

Photograph fiom tht tSptrry Gyioscopi Co 


The Cause of Day 
and Night 

Thus we ar(' con- 
vinced that the earth 
is rotating on its axis, 


turning from west to east. It is this motion which causes day 


and night. 

Suppose it is night-time. The sky is dark — there is no sun 
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to give us light. The earth continues to turn on its axis, until 
at last we see the sky becoming rosy in the east. Then the sun 
itself appears to be rising at the eastern horizon. It is the 
earth which has turned about and brought us so that we can 
see the sun. 

Then as the earth turns farther the sun appears to get higher 
in the sky, until it reaches our meridian and it is noon. The 
earth continues to turn from west to east, and the sun appears 
to move westward, getting lower and lower in the sky until at 
last it disappears below the western horizon. We say that the 
sun has set. 

We know, however, that the people who live west of us on 
the earth an* still enjoying the sun’s light and heat, while for 
those on the very ()i)po.site side of the earth from us the sun is 
rising. In the words of the well-known hymn, 

Tilt* aun, that bids us rest, is waking? 

Our brethren ’noath the westein sky 



(CHAPTER ir 

TUK HOTFOX OF TICK SPX AXF) THK AIOOX IX THE SKV 


The Path of the Moon among the Stars 

()\V let us give some attention to the moon. As 
we have already observed, it rises and sets like 
the sun ; but it will b(‘ interesting to find out if 
it stays in the same place in the sky while the 
latter is turning round each day — or, as it is more 
accurate to sj)eak so, while tlu^ ('arth is rotating 
on its axis. 

\W can easily do this by watcliing where the 
moon is among the stars night after night. 

You know' that you can see the moon and the stars at th(‘ 
same time, and so we will make a ma]) of the stars and care- 
fully mark the position of the moon on it. Ifere (Pig. 15) is a 
chart of the sky which shows the position of th(‘ moon and its 
shape on the evening of Eebruary 20, 1020, and on the six 
following evenings. On the 20th it was near Ald(d)aran, the 
brighte.st star in the constellation Taurus (the Bull), and from 
the chart you can see how it mov(‘d through this constellation 
and then through Gemini (the Twins) and Cancer (the Oab). 

By continuing to chart the moon night after night we find 
that all the time it is moving eastward, and that at the end of 
a month it has moved completely round the sky and has come 
back to the ])lace among the stars wh(‘re it began. 

Let us stop a minute to ask if we are not deceived again. 
Does the moon actually revolve about the earth ? Yes, it does ; 
and the time it requires to go com[)let('ly round is called a 
moon-th. or, as we say, a month. 



The Motion of the Sun in the Sky 

Having settled the motion of the moon, let us investigate the 
sun. 

We wish to know if the sun stays at the same fixed place on 
the sky as though it were nailed there. 

36 
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THE MOTION OF THE SUN AND MOON 

In this case we are confronted with a difficulty, sine(' the sun 
is so bright that we cannot see it and the stars at the same time, 
and therefore eannot draw a map to show where it is among 
the stars day after day. Wc might even wonder if thert‘ are 
stars in the sky arouiKl the sun at all. 

However, the moon sometimes comes direetly in froiit of th(' 
sun and shuts off its light. VVe say that the sun is totally 
eelij)se(l. At such a time the stars about th(' sun can be seen 
and ])hol()graphed. Also, if in th(' daytime a telescope is 



Fig. 1/5. The Path of the Moon among the Spars 
J^'ebrfary 20-2(), U)2l) 

During this inte]\.il Ihu tiionii p.isscd thiougli llu' ronstcllatioiis Taurus, 
Ocmiiii, aiul Cancer, and uDo < hanged its shape. 

pointed in exactly the right direction, one can st^e the stars. 
Thus, we are sure that there ai*(' stars in all parts of the sky 
ail th(‘ time, but, as has been said above, the brightness of 
the sun is so gre.at that we cannot see just where it is among 
them. 

Now wt; know that the sun moves north and south in the sky. 
In the winter it is much farther south than in the summer. This 
is well illustrated in Fig. 10. In the centre is Stonehenge, 
})erhaps the most famous of ancient English monufnents. It 
stands on Salisbury Plain, in Wiltshire, and, it has been esti- 
mated, was constructed about 3000 years ago. Many believe 
that it was used in the performance of religious ceremonies. 

There are many stones, some of great size, arranged in con- 
centric circles. If you stand on the large, flat stone at the 
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centre called the altar-stone, and Jook out betwc'en two great 
u|)right stones and over the top of another upright stone called 
the Friar's Heel somi' distance awa^^ (inarkecl A in the picture), 
von will face precisely that point on the horizon in the north- 
east where the sun ris(\s on »lune 21, the longest day of the 
year, h'lg 17, diawn from photographs, shows a company of 



Fks 1(> Sjonlhfnui , showinc. CjiANf.R rx thk HMcaiT or the 
»Si s wiiii iiiL Sl\sons 


Iho stouts wcit plfKt d so ,is to iiulioato tho points \vlu lo iJio sun lists mid sotb on 
Juno 21 iiiid 21. 'Dio sun at noon is inuth higlu i in siiiinnor tli.in in winter. 

Thi* air photo^iaplis fioiii which this diawiug was made weio obtained by*couitosy 
of Sii ( hill It s ( lose Driiun by F S Smi/Zi from atr pfiofoynipht 


people gathered within the circle of the stones on the morning 
of June 21 in ordfu* to see the sun i*isc behind the Friar’s Heel. 
Another stone (marked B in Fig. 16), to the north-west, shows 
the direction to look to see where the sun sets on that same 
date. Again, if you look from the altar-stone toward a stone 
(C) in the south-east direction you will face that point of the 
horizon where the sun rises on December 21, the shortest day 
in winter. It seems likely that the stones were placed in 
these positions in order to show the place of the sun’s rising on 



Fia. 17. VlSITOHS TO STO^iEHENOE WATCHING THE SUN RISE ON JUNE 21 

Many people gather within the circle of stones to observe the sun as it rises from 
behind the Friar*s Heel on June 21. 

Drawn hy F. 8 . Smith from photographs by Mullins and others 

the moon does ? Yes, it does. The astronomer has found a 
way (which we cannot explain here) to locate its position among 
the stars from day to day. The path of the sun among the 
stars from May 15 to July 14 is shown in Fig. 18. During 
these two months it moves through the constellations Taurus 
and Gemini, and, of course, we cannot see the stars in those 
constellations during these months. 
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The Path of the Sun (the Ecliptic) 

Let us follow the course of the sun through the seasons. On 
March 21 it is on the celestial equator, and the days and nights 
are equal. Then it moves north and always cast, daily getting 
higher in the sky at noon, until June 21, when it is farthest 
north of the celestial equator and the daylight is longest. This 



Fkj. 18. Tjie Path of the Srv among the Stars 
May 15 to .Jily 15 


Every >iMr cluiin^ , Juin', and July the sun follows tlii' s.imr j).ilh through 
Taurus ancl (M'inini. Tlit* upparenl patli of the sun is tho ocliptic. 

is the summer solstice. Then it turns and moves south, and, 
always continuing (eastward, it reaches the celestial equator 
again on September 22. Then it goes on farther south, and, 
of course, always east, until December 21, when the daylight 
is shoj*test. This is the winter solstice. It now turns about 
and moves north, and, still going east, in the course of three 
months it leaches the celestial equator again, on March 21. 
This is the spring equinox, and once more the clays and nights 
are equal. 

Thus half of the sun’s path is north of the equator, and half 
is south. 

The path which the sun follows in the sky is called the 
ecliptic, and year after year the sun travels over exactly the 
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same traek. The leiigtli of the year is the e\aet time taken 
by the sun to go eompletelv loimd tlie ecliptic. This path of 
the sun, the ecliptic, is shown in Fig. 11). 

It onl\ sonu' kind fan> would tl\ u[) to the sk\ and mark on 
its suitacc' the path tollovAC'd In the sun, and also the cc^lestial 
ecpiatoi, it would he a gicMt com (Miic‘nce to people studying 



Fn 1‘1 'PjiJ (IIISIIXI SlHLUl, SllON\l\(. (lllSlIM 
Ky! vn»u \M) lUlllMK 

I Iw (ill still iniiiloi is uikUmiv Intuifu tlu ii list ml ])oli iiid tin iiliptii 
whuhistlu suns ippiiiiit pith in the sky eluimj' tin is iiu Inn il t o il it ai’ 

tin.4li <)l -1] Diiuuhii / s. '>inth 

astionoin\ ' It cannot be done, howeven* , and \ou must stir 
uj) your imagination, and, with the e\e ot the mind, see tlie 
great sun up there in the sky ceaselesslv moving forward day 
after day and year after year along its appointed path. 

4'he ancient Creeks rcpresentecl Phoebus, the sun-god, as 
driving the chariot of the sun ever onward among the stars. 
His roadway was the eclijitic, and with great skill he always 
drove his car exactly along it, never swerving to right or to 
left. It is related that on one occasion his son Pha?thon 
begged to be allowed to drive the car, and, though Phoebus 
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hesitated, he at last eonsentecl. Th(‘ reekless youth drove 
earelessJv, ^ot off the road, and nearly burned uj) the earth. 

Fig. 20 IS taken fioni an old book ])rinted at Venice in 14S2. 
It ief)tesents Sol (the Sun) in his ehaiiot driving his fiery horses. 

SuriOv now \ou can pi(‘ture to \ ourself the mighty sun 
moving along its path on the celestial sphere. 



lliiN fi^ui f Sol iliiNiti' Ills (Iiiiiot iJriwii by foin fi(i> lioisis is tioin i hook 
piiiitfaiit V&iiKoiii 1 18J by a nob d piJiib r rianu il KibloK J1 was oiu oi tla fust 
books illiistriitf (I witli wo()<l( iits ninori^ tla in boi a; ii prcs( ntalions of tlu consblla* 
tions — thi (aibc-it known Ilia naiiic ot the bo-»k is Puduon Idrnmnmt on ( Ubo 
nomytn Vrrsr)^ tncl its lutlioi w isl[\^iiius wbo w is libniiaii to thi iloinaii Lnipt loi 
Augnstiis (bl u c \ 1 ) 14) It was Hritti ii in On 

hy # ourtesy of the 1 ibrarmn iftfu US \fu il (fbnrnilonf 


The Zodiac 

Imagine a long ribbon 10"’ wide (that is, thirty -two timi's 
the diameter of the sun) to be tacked on tlie celestial sphere 
so that the eehptie is precisely along the middle of it. This 
is the zodiac. Within that belt of the sky the moon and the 
planets are always to be found. From the earliest times the 
zodiac has been considered to be divided into twelve equal 
portions, each being 30° long and 16° wide.^Wfcge are called 
signs of the zodiac. Their names and the symboii|used to re- 
present them are Aries Taurus ( a ), Gemioi ( IJ ),'Chncer (as). 
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Leo (fi,), Virgo (Tif), Libra (— ), Scorpio (HI), Sagittarius (/), 
Capricoriius (V^), Aquarius J^isccs ()(). 

With fi little study, using the star ina})s in Eigs. 103, 105, 
107, and 109, one can learn th(‘ const el lations which are along 
the ecliptic, and tlius be able to locate its position in the sky 
at any time that th(‘ stars are visible. 

You must reiiKunber that the annual motion of the sun 
round the ecliptic is quite different from its a])j)arent daily 
motion, in wliich it seems to rise in the east and set in the 
west, giving us day and night. 


The Sun’s Motion Apparent, not Real 

But, after all, (lo(‘S the sun really travel loiuid t!ie sky in the 
course of a yi^ar i 

No, it does not ! have been dc'ceived again ! It is the 
earth which actually moves about tlie snn, though it .sre/zw to 
us that the sun is moving about the earth. 

In Eig. 21 \ou will see how this ha])])ens. Tlu' earth actually 
travels in an oval, or rather (‘lliptieal, path about the sun, as 
shown by the ellipse in the diagram. \Vh(*n, on January 1, it 
is at A th(' sun aj)pears to be at (t in th(‘ ecliptic, among the 
stars in the' constellation Scorpio (the Scorpion). tV)nsequently 
the stars in Scorpio and in other constellations in the same part 
of the sky, such as Corona (the Crown) and Hfercuk's, cannot 
b(' see'll at that time ; but when at that season the earth, by 
rotating eni its axis, has breniglit us night we look in the opposite 
jiart e)f the sky from where the sun is, and there see Taurus, 
Orion, IVrseus, and other winter constellations. 

I'hree months later, on April 1, the earth is at B, and the 
sun appears to be at 6. Coiiseeiueiitly we cannot see Cygiwis 
(the Swan), Pegasus (the Winged Horse), Aquila (the Eagle),* 
since they are in the same part of the sky as the sun ; but wo 
can see Leo (the Lion), Ursa Major (the (Jreat Bear), and other 
constellations whicli are in the opposite part of tlie sky. On 
July 1 the ('arth is at C, and the sun appears to be at c ; on 
October J the c'artli is at D and the sun appears to b(' at d ; 
and then on January I the earth is back at A, and the sun 
appears to be at a again. 

Thus, while the earth actually moves in a little oval curve 
about the sui\| tlie sun appears to describe a great circle in the 
sky — ^the ecliptic, as you have already learned that this circle 
is called. 
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The Stars change with the Seasons 

Fi^. 21 sliows v\Iiy wo so(‘ (lifleroiit stars at differont seasons, 
as it is \(M'\ (losir.ibl(‘ that you sliould understand this 
elearh , we shall eojisider tlu^ matter <i little longer. 


^ °Oct 1st ^ 



Fig 21 Tjii Sins Vitmont J*aih and ih? Kaioii's Riai Orbit 

ArtiifilJv till ( nth Mir)\«s flxiiit tii( sun jii .1 p.it h Avhir li ]s ( l]ij>tical ni shapo, tlio 
sun Ik in^ not at th( ( ( lit n hut in i iui U'^ ol tlic ellipse '^1 u an iithahitanl ut tho oiirtli 
who (lex s not k ,ili/« ih it il i- in niotion tJi( sun oj)]m ai*- to niovo about tho sky in u 
j;rpal tiiflo whu h wi tilllla idij'tio 


At night the sky looks like a great, dark, spherical shell, 
with the stars upon its inner surface. In Fig. 22 is shown an 
attempt to represent the appearance of such a shell as seen by 
a person viewing it from the outside. 
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Notice that the stars are distributed over the entire surface, 
bright ones and faint one's being seen in every quarter. 

At the centre is tlie sun, and about it revolves the earth, 
keeping its axis always pointc'd in the same direction. When 
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Kia. 22 . The St4Us and the Se\s()ns 

At night the stars appear to bo on tlio inner surface of a great daik sphere. This 
pietun* IS intonded to show such a sphere, made of traiispaient inateiial and seen from 
the outside. The sun is at its centre, with the earth revoh ing about it. 

Draun by P. S, Smith 

in position a it is winter in the northern hemisphere of the earth, 
since tlu* sun's rays fall short of the North Pole, but reach 
beyond the South Pole. 

Now remember that you are upon the earih, and, let us say, 
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in the northern hemisphere. In the daytime, of course, you 
will see the sun in the sky. Then, by the rotation of the earth 
about its axis, night comes, and as you look around what stars 
will you see ? (^learly those in that ])art of the sky marked A 
in th(' ])icture. The sun will appear to you to be in that 
portion marked i\ aiul the stars then' will not be visible to 
you. 

Three months later the earth will be at 6, and it wdll be 
spring-time in th(' northern hemisphcTe. The stars seen during 
the spring nights are those on the farther side of the sphere, on 
the opposite side from the sun. 

In anotlu'r thr('(' months the earth will be atr, and summer 
will have eome in the noi thern hemisphen'. During the summer 
nights you will look out u])on tla' stars in that part of the sky 
about (\ while those about A, being in ih(' direction of the sun, 
will not he visible. 

1'hen thn'e months later, during the autumn nights, the stars 
to be seen will b(' those in that part of the sphc're which is the 
nearest to th(' person viewing it from the outside'. 

Thus th<« stars change with the seasons, though they are the 
same at the' same season year after ye^ar. 

Next consider those stars at the upper |)art of the picture 
toward which the axis of the earth points — in other words, 
those about the north celestiaP])ole. At all se'asons a person 
in the northern hemisphere will be able to s(‘e them, while a 
person in tlu' southern heniis])here will be able to see the stars 
about the soutli celestial pole. 


A View of the Universe 

So we hav(' been deceived twice, and we should learn the 
lesson that things are not always what they seem. 

Why were we deceived ? 

It was bc'cause the earth moves so. gently, without jolt or 
jar, as it rotates on its axis and at the same time moves along 
its path in S2)ace about the sun, that we do not feel that we 
arc in motion at all. 

If we could only travel far up in space, entirely away from 
the earth and the sun, then we should see things as they really 
are. We should then have an aeroplane, or bird’s-eye, view 
of the universe. Fig. 23 shows what wo should see.^'>Here 
are two little celestial travellers who have been transported 
far up in si)ace toward the Pole Star, a very great distance — 
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Fio A Bird’s-eye View op the Universe 

These little celestial linvellers have waiidercd far, far off in space, toward the Pole 
Stai , and are surveying the univeiso 'Zhoy soo oiii blight sun and the family of 
planets re volv^g about it Hiey also ob«5ei\p two coinots wluth haxe come out 
of space to visi^ the sun. The stais in their constellations, houe\ei, look just the 
same as they did fiom the earth 

Drau^n by Hcnnaui Jf. Hopper 
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perhaps ten thousand million miles — and allowed to s(‘e our 
wonderful universe from that plaee. 

And what do they see ? 

Viir down below them, in tlie direetion from wliieh they 
eame, they see the solar system. Tliere is the sun, still v(M-y 
bri^lit, ev^en though th(\v are so far away from it. Tlum, as 
they gaze steadily, they see a number of bodies moving alajut 
the sun. These ai‘(‘ tlie ])lanets. 1'he travellers notice' that 
('aeh of them looks like a bright, semieireular disc, and woiuk'i’ 
why. They seam decide that tlie planets must la* s])h('rieal in 
shape, that tla'v are really dark bealies, anel that onlv tliat 
hemisphere' which is turneel toAvarel the' sun is lighte*d up anel 
thus maele visible. 

The' travelk'i's w^ate h the planc'ts closely, trying to count he)w 
many there are anel tei eibsi'rve heiw' fast th(‘\ me)ve'. 

Nearest the sun is Mercury. It is the smallest e)f all, anel 
spe't'els along meist ra])ielly. Next is Wniis, much large'r than 
Mercury but moving meu’e sleiwly. The ue*\t is the e'arth, e)f 
abemt the same size as Wnus and trave'lliug still meire sleiwh. 
Our travc'llers eilise'rve, alse), that the' e'arth is aeeemijiauied fiy 
a reiuiiel boely which eemtiniially revolves abeiut it. That is 
our moem. The fenuth planc't is Mars. It has a elianu'ter onl\ 
about erne half that eif the e'arth, anel it is aecom])ani('d twei 
tiny melons. 

The'u there is a wiele gap, anel the fifth plane't is Jupite'r, by 
far the largest eif all. It has four large meiems, anel several 
small e)U('s which the'y can hardly see. The sixth member of 
the family is Saturn. It also is large, themgh n^uedi smalk'r 
than flupiter. It possesses a wonderful set of rings anel a 
company of niexms. After this comes the seve'uth membei*, 
which is nauK'el Uranus, with four moons ; and then follows 
the eiglith anel last, Nejitune, with one moon, travelling along 
in its distant path — like a lone sheep with a single lamb ! 'J'hose 
planets wdiich are far out from the sun move in their orbits more 
slowly than do the' ])lanets nearer the sun. 

The travellers see also two comets which have come out of 
space to^visit the sun. They approach it, pass round it, anel 
then move off, probably never to return. 

What could be more thrilling than to see this groat family 
of planets move majestically along in their orbits while their 
attendant moons continually revolve about them if to pro- 
tect them from any danger in the way ? 

Turning their eyes from the family of the sun, the travellers 
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survey the other objects in the sky. In every direction they 
see the stars standing out there |)erfcctly still, like great lamps 
fixed out in the depths of space. To their sui’prise the travellers 
recognize the very same constellations which th(‘v were familiar 
with while upon the earth, and conclude that the stars must be 
at imimuise distances. 

Far over there is Orion and liis w'onderful belt, the Dog Star, 
the Bull, the Milky Way, and all tlu* n'st ' 

It is a wonderful universe ! 



PAET II 

THE SUN AND ITS SYSTEM 


CHAPTER ITT 

THE PLANETARY SYSTEM— THE EARTH 


A Look at the Planetary System 

' Q ' 1ET us now look more closely at some of the things 

we have seen and learn something further about 

First of all let us consider the relative sizes of 
the orbits of the eight planets. They are shown 
in Fig. 24. Notiee that there are four quite close 
Cancer ^he sun. These are the orbits of Mercury, 

' Venus, the earth, and Mars. Then there is a wide 

space, and Ir^yond this are the orbits of Juy)iter, Saturn, Uranus, 
and Neptune. Thus we can divide the planets into two groups 
— those near the sun and those far away. 

In the \^ide zone between the orbits of Mars and Jupiter 
small bodies called planetoids or asteroids are to be found. 
A large number have been discovered, the majority of them 
being visible only through a great telescope. ^ 

Let us look at each group separately. Here are the orbits of 
the four inner ])]anets (Fig. 25). Their distances from the sun 
are approximately 36, 67, 93, and 142 millions of miles. Per- 
haps you can remembc'r these numbers. The dots show the 
position of the planets in their orbits every ten days. The place 
of each planet on January 1, 1927, is also shown. 

Next we have the orbits of the outer planets (Fig. 26). "Their 
distances from the sun are approximately 480, 880, 1780, and 
2800 millions of miles. Tn the case of the orbits of Jupiter and 
Saturn the dots show the positions of the planets at intervals of 
one year, while for Uranus and Neptune the dots show the posi- 
tions every ten years. As you see, these outer planets require 
many years to make their circuits about the sun. Indeed, from 
this diagram you can see how long each planet takes to go com- 
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Fig. 24 . Relative Sizes of the Orbits of the Planets 


Tho orbits nio dra\in to scnlo Note that Mercury, Venus, the earth, and Mais aie 
close to the sun. Then follows the wide zone of the plniietuids oi ustemids, And alter 
that are tho immense orbits of the (rmut planets —Jupiter Sat inn, liianu*-, and 
Neptune. They all nio\ o in the same direction in their uibits. 


pletely round its path — Jupiter twelve, Saturn twenty-nine and 
a half, Uranus eighty-five, Neptune a hundred andt sixty-four 
years. 
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Eadi of ilu oibits shown in Figs 2 ") and 20 looks ciicular in 
shafx but th( ual oiliits tiavdlod bv the planets are ellipses 
^ ou know how to(l(s(iib( an ellipse (Fig 27) Yeni (hive two 
pins in I bond ind o\(i tin in put \ loop ol stiing Put a 



lit 2) \\IV OkKIIS ( h IHt ls\l K PlA.\JlS 
The Dibit f W 1 ii\ A II i tin ciitli ii I ’M ui hire di iwn to i il Ihtir 
poMtioii-a I h v\i oi Jiiiiiiiy 1 1 )2^ an I it iiiiciv il ot ten days 

pencil in the loop and, kec^ping the stung taut, move the pencil 
over the paper The point where eaeh pin is put is calleel a 
focus of the ellipse, and if the two pins are neai together the 
ellipse becomes neaily a ciiclc 

As a matter of fact, all the orbits arc neaily ciicular 
Theie is something else lemaikable about the orbits of the 
planets They are all ver^ neaily in the same plane (Fig 28 ) 
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Further, th(' planets all travel in the same flireetioii along their 
orbits. There must surely be some* reason for this. 

In Fig. 20 the relative sizc‘s of the him and the planets are 
givim. As you see, the four inner planets - Mereury, Wnus, the 



ThrM' orbits aro also in pmprr ])ro)K rtioii, bnt on a (littniMit sralr troiii tin* orbits 
in Fif'. 2.’>, which an* shown hrn* in tin* liOlt* ciri'lcs al thn ri'iitu*. 'L’In* positions of 
tho piiiiicts aro tor .liiiiimiy 1, Jll-7, and also at Nearly or ((•n-,> cai ly intervals. 


earth, and Mars (shown at the bottom) — are small ; while the 
outer planets — .Jupiter, Saturn, Uranus, and Neptune (shown at 
the top) — are large'. Also, the sun is many times as large as all 
the planets put together. 

In Fig. 30 (p. 5(i) the relative masses, or weights, of these bodies 
are shown. The great iron weight represents the sun, and the 
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1 10 27 How lo rntAw vn Lliiisi 

If Iho btring 1*3 Ivopt taut the pencil uill dcscribi lu i llipst Uio two pins uti at 
the loci oi the cllip ( 



Fig 28. The Orbits op the Planets in the Same Plane 

This IS a perspootive view of the planets as they revolve about the sun in planes 
which are nearly coincident 
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Rraallcr ones below, the planets. As before, the masses of the 
inner planets are small, those of the outer ones mueh larger; 



MARS fAR'r 


Fig. 21). Relative Sizes of the Sun and the I^lanets 

The inner planets, shown at the bottom, are relatively small. The onU i planets, 
at the top, are much larger. The sun is many tunes larger than all the planets taken 
toget her. g, 

but the sun is so massive that if we eould use up the material in 
it to make planets 746 sets could be formed out of it. 

Having endeavoured to obtain a clear view of the sun’s family^ 
as a whole, lot us next try to become better acquainted with the 
dififerent members. We shall begin with that planet on which 
we live. 
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The Earth 

The earth is a great ball nearly 8000 miles in diametei Five 
hnndr(Ml velars ago it was eommonlv believed to be flat, and we 
still oeeasLonally come across i)eoj)Ie who argue that it is so. 
Thei*e art*, how’(*ver, many observations which lead us to believe 
that it is spherical in sha])e. 

'J'hc first part of a sailing-ship which is nearing her port that a 
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Fid. 30. Krj.\Tr\K Massks nv the Srs and thh Planets 

TIr* ^rn'ut non wr loproM-iils t ho sun ; tin* littio v\oi^lits, tliu ])l.inots. Tlioio 
is enough in.illor in tlu* suii to in.iko lUMily TTiO siicli sets ot pliinols. 


person on shore sees is the ti|> of the mainmast. In the case 
of a steamship the smoke from the funnels will first be seen. 
Next the sails or the funnels come into view, and finally the 
body of the vessel (Fig. 31). This is precisely what we should 
expect if the (*arth w'(*re round. If the earth were flat we 
should s(*e the great body of the ship first. 

Again, for £200 or more you may buy a ticket which will 
carry you completely round the earth . Such cruises are regularly 
advertised. In the map (Fig. 32) is shown the route which is 
frequently followed. English travellers would probably leave 
from Southampton and go southward to Gibraltar. American 
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toiiiists usiirilU start tioni New Yoik and ( loss the Atlantu* to 
(Tibialtai, peihaps calling at the A/oies Islands on the way 
Then all ])ass tlnoiigh the Mediteiianean Sea, the Siuv C^inal, 
the Red Sea, and the Indian Oeean, to tlie Eiist Jiuhes and up 



Kn 51 Ships Ai t iu)\( HiN( Pour 

X.*! I ji( a sliip jijniio If lu s wt lust stf tin tips ot llu 111 »sl IIkiiUk suls ind I ibtlv 
tilt hull It the w itf 1 \\(if a fhit plain ut sht>LiUl st i iht liiill hist 

Dimnhifl 6 SmUh 

to Japan, then aeioss the Pacific Ocean to Honolulu, and up 
to Vietoiia 111 Biitisk (Wumbia. Aftei this they go down to 
San Fiancisco, then continue along the west coast of North 
Amciica, pass through the Panama Canal, and go up the east 
coast to New Yoik Prom heie the English travellers will cross 
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the Atlantic to their starting-point. To make such a pleasure 
trip usually requires four months. However, by using railways 
and aeroplanes, as well as fast steamships, the time can be 
much Hiduced. Indeed, the earth has been circled (though not 
by this route) in a little over twenty-eight and a Iialf days, and 
undoubtedly this time will soon be shortened. 

The Pole Star rises as one goes North 

Perhaps some of you have taken a trip to the northern portion 
of your country and while there have looked for the Pole Star. 
You found it higher than it appears at your home. 



A cotninoii routes followed by niiuiy travellers can bo traced on ibis map. 

Frequently .s(»me of the ports shown hero an* omitted. 

Also some of you may have had the pleasure of going to the 
Mediterranean Sea or to Morida in the winter time. From there 
the Pole Star was lower in the sky. 

Indeed, we find that for every sixty-nine miles you travel 
northward, whether on the ocean or on the land, the Pole Star 
rises 1° in the sky, and if you could reach the North Pole of the 
earth it would be right overhead. 

In the same way for every sixty-nine miles you travel south- 
ward the Pole Star sinks 1®, and when you get -to the earth’s 
equator it is right down at the horizon and is hardly visible — 
if you can see it at all. 
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Now the earth must bo practically a s])here, or the Pole Star 
would not behave in this way. We cannot imagine any other 
shape tlie earth could liave which would cause the Pole Star to 
increase and decrease^ in altitude as it does. Indeed, the as- 
tronomer has measured the earth so accurately that lu* is able 
to say that it is not an absolutely perfect sjdiere after all, but 
that it is slightly flattened at the poles, the diameter from pole 
to pole being about twenty-seven miles shorter than a diameter 
at the equator.^ 

There are other reasons for believing that the earth is round. 
The astronomer can compute all the circumstances of an eclipse 
of the sun thousands of years in advanc(^ He can tell us when 
the eclipse will begin and wluui it will end, and what part of 
the earth you must go to in order to sec it. Now he does this 
on the assumption that the earth is s])herical in shape. If it 
were not his calculations would fail. 

Surely then tio one who (‘onsiders the matter can doubt that 
the earth is sf)herical in form. 

Reasons for l)(‘li(‘viiig that the earth is spinning on its axis 
have already Imhui given (p. .‘14), and wi^ need not dwell on that 
subject here. 

^ The equatorial diameter is 71)2U'd8 miles, tJie polar diameter miles. 



(ITAITKPv IV 

rHK MIN AXl) THK M()()\ 

The Distance of the Sun from the Earth 

EXT I('t us (‘oiisidcT luieflv ()ur glorious suii. 

T1i(M(' is no other body in the sky whieh can 
eoni|)ar(‘ with the sun in its inipoj-tance to us. We 
could live without the moon and the stars, but if 
we w(‘re deprived of th(^ sun's li^ht and heat W(' 
could not (‘xist many days. 

How far away is the sun ( 

You will naturally v\ish to know how tiu* dis- 
tance from th(‘ earth to the sun is measiu*(Ml. 1’lie method (uii- 
ployt‘d is similar to that used by a surv(‘yor, oi* an explon*!*, in 
finding the distance of an inaccessible obji'ct. 

Su])pose you ar(' on one side of a river (Eig. and wish 

to determine the distance from you to a tr(‘e on the o|)posite 
bank. You can do this, in an ap])roximate way, if you are 
supplied with no other measuring instrunuMit than a yard-stick. 
You might proceed thus : 

Obtain a ball of strong string and measure off oO f('(‘t of 
it. Drive a stake into the ground at A, and, 50 f»*et away, 
drWe another stake at B. Drive a nail into the top of each 
stake so that the* two nails are exactly 50 feet apart, and 
stretch the string fr<mi one nail to the other. This is oui‘ ba,se 
line. 

Now while you look from A toward th(‘ tree, i\ get a friend 
to drive in a stake' at D, and put a nail in the toj) of it so that 
A, D, and V are in a straight line, "llien, sighting fiom 
te^ward the tree, have* a stake E driven in so that B, E, and C 
are also in line. 

Join the nails in A and J) ami also those in B and E with 
stretched strings. ]f these strings were produced they would 

^ On Sc*ptt*niber 27, 192(), a landslide on the J^eiit du Midi range, near SI Mauriee, 
in Switzerland, blocked the river Khono for hall a mile. 'J'he piciiiro Hhows the 
river in its new course. Alter months of labour a canal was dug through the 
obstruction, and the river was turned into its old channel. 
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meet at C, and, along the base line, A\oiild form a large 
triangle, CAB. 

We know tlie length of the base, AB. and wish to find the 
length of the sides A(^ and B(\ 

N(‘\t, hold a ])aper nnder the two strings at A and draw" 
lines on it pre(*isel\ under the stiings. Do the same at B. The 



Fii aa Kim)in(, Mil DjsiANfi \( Koss V IOmr 

1 hi iniliuxl hiiwij it i pos ihh to IijkI the (list iiik uioss thi tP(T th(' onl\ 
iiu iMiiiiij; in tiiyhfiit iisi <1 In mu i t ipc Iiik 
P/it /rtf ft pom / lUosti tti H Pin 


lines HO drawn will give the angles at A and B — that is, the 
angles at the base ot the triangle, (\\B. 

Our ne\t task is to draw on a sheet ot paper, with great eare, 
a triangle of exactly the same shape as the triangle CAB. 

First, draw th(' line MN (Fig. :14), to corresjxmd to the base 
line AB, and make it exactly C inches long. Then make the 
angle NMO equal to the angle BA(], and the angle MNO equal 
to the angle ABC. Hiis must be done very carefully. 

The small triangle, OMN, thus obtained is of the same shape 
as the large triangle, CAB, MO corresponding to AC and NO 
to BC, 
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Measure carefully MO aiul NO. Let us say that they are 
19*2 and lS-6 inches resy)cctive]y. 

Now AB, being rA) feet, is a hundred times as long as MN, 
which is () in. Consequently AC must be a hundred times MO 

—that is, 1920 inches or 160 feet. 
Similarly B(^ is 1S60 inches or 155 
f ('Ct . 

Of course, the surveyor uses in- 
struments by which he can measure 
lengths and angh's exactly. He takes 
as long a base line as h(‘ can, and his 
T('sults are geiu'rally very aecnirate — 
his error sometimes being not greater* 
than one inch in t(m miles. 

Now the astj*onomer is the man 
who surveys the c(destial distances, 
but when h(‘ trices to apply this 
method to the m(*asurement of the 
sun's distance h(' mec'ts very great 
(litlieullies, sinc(‘ lu' has to take his 
base liiK' on the (^arth, which is very 
small compared to the sun's distance. 
But by using veiy delicate instru- 
UKuits, exercising (extraordinary care, 
and repc'ating his observations over 
and over again, he has at last suc- 
ceeded in dc'termining how far the sun 
is from the earth. 

It is ap])ro\imately 911 million miles 
Fm. 34. Hi)\\ TO f AT( i r.A 1 r t hi aw\‘iy. 

l)ISTA^(•K \(Koss A Kivjk bunl to foriu any idc'a of this 

This triuiigio js c4 ( xarii.N Ui(« innjumse distance. If a railwav 

saiiM* slmpp .IS Unit iii , , , , p .1 ai j. 

and if\\ekiio\vth«‘h iijriiioi \n could he built troui tlic earth to the 

we cun compute the leiiKihs „1 ^ COUld travel the 

the other two suits. . \ ^ . p .1 

whole distance at the rate ot a mile 
a minute without stopping during the journey, it wtnild require 
175 years to make the journey — ^two long lifetimes ! 

The Size of the Sun 
How large is the sun ? 

As soon as we know the distance of the sun it is easy to 
determine its size. iVrbaps you would like to know how it is 
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done Fig 3") shoA^s a boy and a girl making an expeiinient 
to find out the diamotei of the sun The boy has in his hand 
a dinner plate 1 foot in diameter, uhich he is holding between 
the girl’s eyes and the sun First, when standing near the girl 



Ik If )\v to irM) IHF Si/L <)i 1111 Sin 


1 )k I \ ]•) liul ii]j ]la 1 f ) t 111 di iiiH 1 i hit It |ii t 111 Ir th( nil horn 
the ^iil Kii Min^ til (li t n ( I tin I \ lit iii tl ^iil in 1 il o tlu rli t iiue i I the 
sun M ( 111 ( II j 11 tli II nil t 1 i th uii with tli it I th | I iti 

Jri nt f I N ^ tl 

he holds the plxt(‘ up and it eovers the sun and quite a bit of 
the sk\ as ydl He tlun moves faithci awa\ fiom the giil, 
and at last whtie h( *noy is, the plate pist covers the sun Bv 
means of a long (oid tlu distance iioin the boy to the giil is 
found to be 107 feet 


A 107 B 107 0 107 f 

Jia 3 h DiAf KAM SHONVING HOW TO C Alt t I \Th TIIJ StzF OF THL SL N 

11(10 VHjipitsinl till distamr ol tlu hoyiunitiu ^iil and A\ tlu 
distance of tlu sun 


V 

X 


Now let us look at Fig 36 A represents where the giiTs 
eye is, and XY, at the lai side, represents the sun, while li(y 
IS the plate, 107 feet away l^oni A, which just hides the sun. 
It IS clear that if the sun was at DE, which is twice 107 feet 
from A, and was just hidden by the plate, then the diameter 
of the sun would be twice that of the plate, or just 2 feet If 
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it w«as thive timers 107 feet off— that is, at FG — and was just 
covered, its diami'ter would be 3 feet. So you see that tlie 
niimlxM* of tini(‘s th(‘ sun's diameter is greater than that of the 
plate is ju.st the number of times the sun's distance* is greater 
than 107. Let us elivide 107 feet into 03 million miles. It is 
containc'd 4r)S0 million times, and so the sun's diameter is 
45S0 million feet, which is the same as S()0,000 miles. More 
careful measurements make it 800,000 miles. That, then, is 
the diameter of the sun. 

'rh(* diaiiK'ter of the earth is 7918 miles, and by a sum in 
long division we find tliat the sun's diameter is nearly 110 
times as great as the earth’s. 

The sun, compared with the earth, is enormous. If the sun 
were re])resented l)v a football the earth would be the size of a 
small ])ea ! 

Th(* width of inanv of oiir city streets is (>0 feet. Suj)pose 
we represent tlu* sun by a great s])here (iO f(*(*t in diametei’, 
just filling th(' s])ac(* where two such roads cross. The eartli 
would b(* represented by a ball 7 inches in diam(*t(*r (tin* size of 
an ordinaj'N stove-])ipe), i \ miles aw^ay. 


Sun-spots and Faculae 

If we look at the sun with the naked (*y(* (always, of course, 
through a dark glass) it appears simply as a great bright disc ; 
but with even a small tel(*scope wo see interesting features on 
its surface. Here is a photograph of th(* sun (Kig. 37). On 
its disc there are some dark, irr(*gulaiiy shaj)ed markings, wiiicdi 
are known as ,sini -.spoils. Note that the eentio part of the spot 
is darker than the outer portion. Notice also that some of tin* 
spots are clustered together in groups, while others a?c* by 
themselves. Sometimes these spots are so large that several 
earths could be dropped into them without filling them iq). 

.Just what causes these spots we do not know. You hav(‘ 
often heard of volcanoes belching forth fij*e and smoke and 
ashes. The earth’s (irust cracks, and the hot molten material 
within bursts out. Ferha])s something like this happens on 
the sun. The surface layer becomes weakened at some jdace, 
cracks, and allows the fiercely hot matter within to explode* 
and shoot up far above the* sun’s surface. 

In the photograph you will notice that near the edge the 
disc is darker. This shows that there is an atmosphere of 
some sort on the sun. You remember, of course, that the sun 
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is a great ball, and what looks to be its ‘ edge ’ is that portion 
of the ball which curves away from us. Now light from that 
portion passes through more of the sun’s atmosphere than 
does the light from the centre of the disc, and so more of it is 



Fig. 37. The Sun, showing Spots and Faculas 


Notice the great group of spots, over 125.000 miles long, and the numerous other 
spots. The faculee are the whitish areas seen round those spots which are near the 
edge of the picture. Note also that the centre of the image is much brighter than the 
outer portion. oftservaUiry pftotograph 

lost by absorption. For this reason the edge of the disc appears 
darker. 

Notice also the bright blotches round the group of spots 
near the edge. These are called faculce (a Latin word meaning 
“ little torches ”). They are mountains of flame which thrust 

E 
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their summits above' the absoibmg atmospheie ]ust as some 
mountain peaks on the c nth sometimes pieice thioiigh a la\ei 
of clouds 



Fig 3S Piiotogkaihs oi iiii Sin on Nine Sikissivf Days 

By comparing the po'^itioiis < f tlif ’^p jts cl ly iftt i d i> i! boooincs « vidt iit tli il llu 
Bun i«> rotating on an axis iiid troiii the motions ot th sp Is tin period ( in bt di 1 i 
mined It is aboul 1 wi nty fivt davs J ho pliotograj hs wi lo taken on Align t h 14 
1 89 J, at which time then wor many spots on tho sun 
J il Obser atory j?olograpti6 

The Sun rotates on its Axis 

In Fig 38 are nine pilot ographs of the sun, taken on successive 
days Look at the large group of sun spots in the first photo- 
graph, which was taken on August 6 We have learned that 
the diameter of the sun is 866 000 miles Now this group 
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looks to bo about ono-tonth as long as the sun’s diameter, and 
hence the grouj) must be almiit 86,000 miles long. It is so 
large that jt could be seen with the naked eye. Some groups, 
howevc'r, arc very much laiger. 

In the second })hot()graph this group of spots is farther to 
the right, and if you look for it in the succeeding j)hotographs 
you see that it moves steadily to the right. In No. 7, taken 
on August 12, a tra(*(‘ of ii can still be seen, but on the next 
day it lias disappeansl comjileteJy. Other spots behave in just 
th(‘ ‘-■am(‘ \v.i\ . 

Now hov\ do \ou explain this ( You say at once that the 
sun must |■otat(‘ on an axis. 1>\ observing the s})ots we can 
learn whcix^ th(‘ axis is and how long it takes the sun to turn 
compl(*t(d\ round. It takes about twenty-five days. 

The Mass of the Sun 

Suppos(‘ v\(‘ w(‘r(‘ abl(‘ to take* tlu' material of which the sun 
consists and torm (‘arths out of it. How many do vou think 
we could mak(‘ i Tluuv is (‘iiough to make 222.000. We say 
that till' mass tiu* sun is 222,000 times the mass of the earth. 
Turn back and look at Kig. 20 again. 

It is v\(‘ll to know, how(‘ver, that a cubic foot of the sun 
would not w(‘igh as much as a cubic foot of earth. Indeed, a 
euliic foot of wat(‘r w<*ighs (i2i pounds; a cubic foot of sun 
1*4 tim(\s as much as a cubic foot of water, or 87.1 pounds ; 
while a cubic foot of (‘arth vNcighs, on the a\erag(‘, 5*6 times as 
much, or 2 H jiounds. 

Sun-spots, Auroras, Magnetic Storms. 

Other remarkable facts regarding the sun have been dis- 
covered. It has been found that sun-spots are more numerous 
at some times tlian at others. In some yc^ars — it w^as the case 
in 1922 — scarcely a sf)ot can be seen. Then the spots begin 
to appear more fn^quently, and in about five years after the 
time wIhui they are vi»ry scarce they become so common that 
the sun’s face is seldom free from these dark blotches. After 
this they gradually fade away and again almost disapi)ear. 
This performance of fading away and appearing in full strength 
again is repc'ated about nine times in one hundred years. 

While these spots are appearing on the sun some strange 
things are happening on the earth. When there are many 
spots the magnetic needle suffers many disturbances, and we 
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are said to have magnetic storms. At the same time displays 
of the aurora borealis, or northern lights, are common and 
brilliant. Now why should these things, which seem to be 
entirely diffen^nt in nature, happen at the same time ? We 
do not know ; it is still a great mystery. 

Photosphere, Chromosphere, Prominences 

"rh(‘ bright face of the sun which we see is called the photo- 
sphere. It is so dazzling that w^e cannot see anything which 
may be near it in the sky, just as the brilliant headlights of a 


Fm. 39. A Promixence on the Sitn — the “ Heliosaukus *’ 

Thi*- stiiifijri* I inking [)r(irtiiiionee w«is visible tit the tune of the total eclipse of Juno 8, 
1918, the (ruk of whu li jiassed ovei the United States from Wushmj'ton State to 
Florida. This inctuie \itis taken at Green River, Wyoming. The earth on the sumo 
scale a** the fiininiiieiice is shoun in the upper corner, 

PhoUtgraph hy } trkts Ohstuntori/ Pipniition 

car prevent you from seeing anything in their direction. There 
might be some jiortion of the sun just outside the photosphere, 
but our eyes are dazzled and we cannot see it. By means of 
an instrument called the spectroscope, however, it is possible 
to explore the edge of the sun’s disc, and we find some inter- 
esting portions of the sun there. 

The layer, or envelope, wliich overlays the photosphere is 
called the chromosphere, and from it there rise some remark- 
able shapes called prominences. They are usually crimson in 
colour, and take fantastic shapes. There is much hydrogen 
gas and calcium vapour in them. Some of these prominences 
change very little during a week, while others show rapid 
motion. In Fig. 39 is shown a prominence which was photo- 
graphed on June 8, 1918. It seems to take the shape of a 
wild monster blowing fire from its nostrils. In order to illus- 
trate this better an astronomer-artist has made a sketch of the 
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fierce-looking animal, with the result shown in Fig 40. From 
its peculiar shape this prominence has been named the “ Helio- 
saurus,” which means the “ solar lizard.” The circular spot 
at the left (Fig. 39) shows the earth on the same scale. 

In Fig. 41 arc shown seven views of a prominence photo- 
graphed on October S, 1920. In the first view, taken at 
9.32 A.M., it was 75,000 miles high; in the last (1.54 p.m.) it 
was 300,000 miles high ; and forty minutes later it reached 


- 







Fig 40 A Drawing of the “ Tin iosm hi s ” 

The ‘•luipo of tlio pioTniiieiue shown in Fir 39 snpKesteil tins sketch of a fierce solar 
nioiislcr like tlio diiiosanis of uiicieiit eras. J he name means “ solar lizard.** 
Drawn by R L, De Lury 


617,000 miles, the greatest height ever recorded. In this case 
also the prominence took fantastic shajies, No. 4 resembling a 
dog. 

These prominences can be seen with the naked eye during 
a total eclipse of the sun. At such a time the moon comes 
directly in front of the sun and shuts off the strong light of 
the photosphere, and we are then able to see the fainter outer 
portions of the sun. 


The Sun’s Corona 

The way an eclipse of the sun is produced is shown in Fig. 42. 
Here are our little celestial travellers on a neighbouring planet, 
watching how the eclipse occurs. The long, slender shadow 
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cast by the moon streams down behind it, striking the earth, 
and as the moon moves onward in its orbit this shadow trails 
across the earth's surface. (Tliink of the moon as coming 
toward yon as you look at the picture.) The strip of the 
surface over which the shadf)W moves is called the shadow- 
path, and if a person is within this path he will lujt b(* al)l(‘ to 



Kru. 41. Sh\ KN \4hws of a (Jki.ai 1*uo\jinkn( k, S, U>2() 

rriiuirkiilili* j)roiiiiii(Mif(> as^miKMl \ anous t.iiitiist ii* oiic nl f iii'iii roughly 

rc-friihlin^ a f it is know ji as tJie “ Sum J 'I’lir c.irlli on t hf‘ s.iinc sciilo 

IS bho\\M 111 tlio iijipci forurr of Him hrsl pliologiMpli. 

J*liofiiifru ph \ h 1/ /V Yf rf ft Oh'^tn nUtrij 

see the sun during the time that the shadow is passing over 
him — usually for two or three minutes. 

One can see at such a time, in addition to the jmnninenccs, 
a wonderful halo of pearly white light surrounding the sun. 
This is called the sun's corona (corona being the l^atin word for 
“ crown ”), and it is one of the most beautiful and impressive 
of celestial spectacles. In Fig. 43 is shown the corona as 
photographed by the Canadian exp(?dition to the north-west 
coast of Australia to observe the total eclipse of September 21, 
1922. The round, black object you see is the moon ; the body 
of the sun is directly behind it, hidden from our view. 
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There is something remarkable about the shape of the eorona. 
It changes with th(' number of spots on the sun’s face. When 
there are many s])ots the strc'amers of the corona seem to run 
out from the sun’s surface in sill (lii'ections ; but when the spots 







yr- 


f 





KIG. 42. How AN E(’I.IJ'SI: ok thk Sin is ruoDUCED 

Tho two littlo tmvollt'rs aio ohsoiviiiR, perhaps from all- 
ot her planet, how an eclipse of the sun is produced. As the 
moon ro\olves about the earth (coming out of the picture 
Mowaid us) Its shadow moves along a narrow path on the 
earth. If a person is within this path the sun will, for him, bo entirely covered by 
the moon during the passage of the shadow over him. 

])rau n by Hmnetta M. Hopper 

are fewer great strcanit'rs, or wings, go out from iiear the sun s 
equator, and only small ones from its polar regions. These 
equatorial wings sometimes extend outward two or three times 
the sun’s diameter — i.e., Ij to 2 \ million miles. 

What the appearance would be, if we could sec the photo- 
sphere, chromosphere, and corona of the sun all at the same 
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Fig 43. The •S^^’s Torona, September 21, 1922 

This photograph was taken by the Canadian Expedition to Austraho to observe the 
cchp&e on thib date. The obberving btation was at Wallal, in South latitude 20°, on 
the north-west coast of Australia. 

time, is shown in Figs. 44 and 45. In the first one wc are 
shown the appearance when the spots are very scarce or 
entirely absent ; in the second, when they are numerous. 
Notice the shape of the corona in the two cases. 
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Ancient Worship of the Sun 

Ab the sun is the source of our light and heat, and ir therefore 
necessary foi the existence of every living thing, it is not 
surprising that many ancient people actually worshipped it 



Fig 44 The Sun’s PhotosphfbI', PBOMrvrNCES, and Corona 
AT A Sun spor Minimum 

1 hts 18 rt romposit© picture showing what (he sun would look like if its proiumencea 
and eorona could bo seen at the naino tiiiio as its photosphere Ihe appearance vanes 
■eonsiderably with the number of sun spots Iho view shown in this picture is that 
when there are very few spots on the si n hiote the groat wings of the corona, which 
extend outward from the sun's equatorial belt a million miles or more There are some 
prominences, but not many 

Iho photographs of the corona and piominences were taken by the Lick Observatory 
Expedition, located in Georgia, on 28, 1900 A photograph of the photosjdiere 
on the same day was supplied by the Koyal Observatory, Greenwich. 

Drawn by F S SmUh from photographs 
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Among these were the Egyptians In then mythology there 
weie as manj as two thousand deities, the chief of wliom was 



Ik 45 Tifi* S[ \ s Piioiosihjrf, Prominfn(Fs, and Corona 
\T A Sun sioT Maximim 

1 his 1*3 (I ( ()iiipo*sit( putun similar to lilt lapf one but exhibit iiifi; llit ipjKUifince 
\4hoti tho spots irc nuiiiorous At that Unit the htroameis of tin t oroiia t xtt iid 
tint ward ihnost equally from all pirts of the suns siiifatr and thire lu many 
promiiieiicLb 

Tho phutogiaphs of the corona and proinineiicLS were takr ii b> the I u iv Oh oivatory 
Lxpodition to Chile on April 16, 18*13 Ihe photosphere is from a Lick Ohscivatoiy 
photognpli taken on August 9, 1893 

Drai nbv f S SinUh from pholograplu 

Ra, the sun-god. Different representations of this god are to 
be found on the old monuments One form is shown in Fig 46. 
He IS pictured with the body of a man and the head of a hawk. 
There is something impressive in the behaviour of the hawk 





THE MOON 


75 


At one time it flarts downward like a lightning-flash, while at 
another it soars gracefully on outstretched wiTigs in the high 
heavens. Quite naturally it was associat(*d 
with the sun, and was looked upon as sacred. 

Upon his head Ra bears the solar disc, 
about v^hich is the urtrm, or as]) — a sign 
of royalty in old Egypt, [n his right hand 
is the ankh, which is the sign of life, and in 
his left is the sceptre, the symbol of pow(‘r. 

Above the figure is the name of the god 
written in hieroglyphies, or picture-language. 

A circle with a dot within it (0) is still used 
by astronomers as a symbol for the sun. 


What is the Sun made of ? 

Though the sun is so far away astronomers 
have found out what it is eom])osed of. 
This has been done by means of the spectro- 
scope, the woiKhu'ful instrument which has 
alr(*ady been mentioned (p. 58). 

And what do you think the sun is mad(‘ 
of i It is composed of iron, cop])er, zinc, 
sodium, calcium, hydrogen, and many other 
substances which we find here on the earth. 

Is not that remarkable i The sun and 
th(' ('arth made of th(‘ very same materials ! 



Km, U> K\, 'IHI3 
Va,\ vi\\\ Si n (loD 

Ki*|)M '*« utaticms of 
a I llu' jzn at '»wn pxl, 
»u' louml oil iriHiiy 
aiHMriii Knvptiaii monu- 
ment'. .111(1 temples. 


Sur('l\ the> were 
joint'd together in a single mass at a time in the far-distant 
past. 


The Moon —its Distance and Size 

Wlw'ii we compare the sun and the moon up in the sky they 
look to be of about the same size, aiul you may be surprised to 
h'arn that the sun is actually 400 times as large as the moon. 
It appears of about the same size because it is 400 times as 
far away. 

The mooiTs distauci* from the earth is, on the average, 
2.‘10,000 miles. This is small compared to most of the distances 
which we meet with in astTonomy. An engine-driver taking 
his train from London to Berwick or 'Toronto to Montreal 
(330 miles) si.x times a week would travel as far as the moon 
in two years, but to go as far as the sun would require 800 
yfJars. 
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The moon’s diameter is 2160 miles, a little more than a 
quarter that of the earth, and there is enough material in the 
earth to make* 81 moons. Their relative sizes are shown in 
Fig. 47. 


The Phases of the Moon 

As we have already learned (p. 36), the moon revolves about 
the earth. You must remember also that th(' moon is a dark 
body and ean be seen only as it is lighted up by the sun. It 



Fkj 17 I’lLArivL Sizes of the Eahtji ajsd the Moon 

T lu <iiuim*t<‘is uio 7‘M8 inilt s iinil 21 00 niilos— i.t., they 
aio 111 tlii iiitiu of 100 27. 


is on account of these two facts that the moon shows phases. 
You must undinstand how they are produced, and the ex- 
planation is easy. 

In looking at Fig. 48 you must think of the sun as being far 
off to the right. You see the rays coming from it. When they 
fall upon the moon they illuminate onc-half of it, just as they 
illuminate one-half of the earth or any other round body on 
which they fall. 

The moon revolves about the earth in the direction indicated 
by the arrows. When it is at A in the line drawn from the 
earth to the sun the bright face of the moon is turned from the 
earth, and we cannot see it at all. When in this position the 
moon is said to be new. 

About three days later the moon reaehes position B. A 
person on the earth can now see a portion of the illuminated 
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hemisphere of the moon, but not the whole of it. The part he 
sees looks like a ereseent, as shown in the diagram. The 
moon is said to l)t‘ three days old. 

About four days later the moon arrives at C, and from the 
earth we see one-half of the illuminated faee. It looks like a 
bright half-circular disc. The moon has now travelled one- 
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Fio. 48. How THE Phases of the Moon are produced 

The sun is far awuy to the rip;ht. Its rays at all times illurninato one-half of the 
moon’s surface, and of this wo see vorying portions as it revolves about the earth. At 
A we cannot see any of the bright hemisphere, at E we see it all, at C and G we see 
half of it. 


quarter of its orbit, counting from when it was new, and it is 
said to be at its first qvurter. 

By the time the moon is ten days old it has reached D, and 
its shape is said to be gibboiis, which means “ swelling out." 
About two weeks after the moon is new it is found at E. From 
the earth we see its entire bright hemisphere, and it is said to 
be full. When it looks like this the moon, the earth, and the 
sun are in line, the earth being between the other two bodies. 
As the sun sets in the west the full moon rises in the east, and 
at midnight it is on the meridian. 

A week later the moon reaches G. Its shape is now semi- 
circular again, and it is at its third or last quarter. In about 
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one week's time, or after a month in all, it arrives at A once 
more, and we haie new moon again. The eomj)lete perform- 
ance, fiom one n(‘\\ moon to the ne\t, requires twentv-nin(* ami 
a half da,\s 

When th(‘ moon is stiictly new we cannot sec it at all It 



Tif. C) \\kiuj^L ViFWs Ok I HE Fin Moon 

Tn tin uppt r left hniul puliiif is a diiiwiii^ ot tin iinvii iii tin moon*, in tin 
iippci ii^ht, tin <iib in tin lower left, the woinun uadiii^ a book* In tho 
lower hand pictiin is an ai tual photograph of tin moon, \%ith which the other 

pittiirts may be eomputd \ lively iinaKination will reio^?iii/L otln i hgures in tho 
moon. Hij jtr mission from ** J hi i/oj/i,” h P PitUring 

has to be about two days old before we can see its slender 
crescent. About two days before it becomes new, or whtm it 
is about twenty-seven days old, it shows a similar crescent. 
At this time one must look for it in the east, just before the 
sun comes up. When it is young — two or three days old — we 
must look for it in the west just after the sun has gone down. 
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The Moon and the Weather 

Remoin])or that the horns of the erescent moon are always 
turned away from the sun. F'ig. 48 shows that this must he 
so. Furth(»r, the line joining the tips of the horns is at right 
angles to the liiK* joining the moon and the sun. In this part of 
the earth where w(‘ liv'^e, which is know'll as the middle latitudes, 
the horns in th(' sjiringtime 
are turiK'cl u])ward so that 
the moon looks as though it 
could hold wa1(n*: in th(‘ 
autumn th(\\ an^ tilted so 
that the w at(T would 1)(‘ spilt. 

In th(' tn)[)ical parts of 
the earth the horns of the 
er(‘sc(mt moon are alwa\s 
turned so that it could hold 
w'ater, whil(‘ in the arctic 
regions th(‘\ niv lilted so 
that water would run out. 

In n(‘ith(‘r position has the 
n(‘W moon anything to do 
with wet vv(‘ath(‘r. You see 
how ridiculous it is to con- 
nect the weather with the 
a]) pea ranee of the crescent 
moon. Indeed, though 
many ])eo])l(‘ believe that 
thei-(‘ is a conn(*\ion, the 
moon has absolutely no 
effect on the weather at all. 

Naked-eye Views of the Moon 

Tt is interesting to study the moon with the naked eye. In 
Fig. 49 there are four pictures. On the lower right-hand side 
is a photogra])h of the full moon which illustrates well how the 
moon looks wlien viewed with a small telescope or a fiedd -glass. 
In the upper left-hand picture is seen the ‘ man in the moon.’ 
Notice his eyes, nose, mouth, and chin. As the full moon is 
coming up in the autumn the ‘ man in the moon ’ is wxdl seen. 
He is also clearly seen when the moon is about four days past 
full (Fig. 50). At the lower left (Fig. 49) is shown the ‘ woman 



Fig. 50. The ‘Man in the Moon’ 


'rho ‘ iniin ’ pan also In* sei'ii easily whon 
the moor is al ml hall uaj helwei ii full ami 
Ihml cjuurtei mid wlieii it is not lai abo\e 
the euste ii ho i/oii. 'I’lie piftiiie is fioin a 
sk( tch iiiudi* 111 Sejiteiiihei 11, 1027, m lien 
the inooi wa- nineteen davs. 
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reading.’ She has a hat on, and is bending over and holding 
the book up before her. Then in the upper right picture is 
seen the * crab.’ Other fanciful objects have been sketched by 





I'lG 51. The Full Moon 

The daik aroab are called * Hoas/ though they contain no water ; the small, round 
objects are ciaters, probably volcanic in oiigin. Note the bright * rays,’ many miles 
long, coming from the ciutc i T>cho at the upper part of the picture. No one has satis* 
factonly explained the^o. Obneriatory photograph 

different observers. Those shown here are very easy to see — 
if you look for them. 

Photographs of the Moon 

In Fig. 51 we have a photograph of the full moon. The 
illustration is turned to show the moon as it is seen in a 
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Fig 62 The Moon at First Quarter 

lliu ilark seau aro Mcll shown here, and tho orators nro very prominent alonir the 
ragf^ed edge (known as the “terminator**) which bounds tho visible portion Ihe 
largist one, half way down this edge, is about 116 miles in diameter -hlieen times as 
large as any crater on tho earth The other half of the moon’s face is in darl^ncsy 
and 80 cannot be seen by i.<. oi«T,atori, ph<4ografh 

f 
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Fk 53 I HT Sl\ 01 SHOWJRS AM> HTE SirkOINDING SlRl^Ad 

J his phuto^i tjjh i t il on at Mount \\ilstii C ilifoinia VMlh tho Ho kci t l< si opi , 
whiohis lOOiiii lusin (h in €tci tin lurf^i st in CMstenoi Obsi rv i thi t!>r a fSllo^\c^s, 
the mountain lan^i s and tht cralei>9 also tin sluiip shadows cast by thi. iiinb of the 
cratcro* and by rocky obji cts on the ^rcat st a Lottoin 

M( at T1 1/4 / Ohstr it rj jJotojrajh 


telescope — that is, upside down as compared to the view with 
the naked eye or with a faeld-glass 
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Note the dark ])ortions, mostly roundish in sliape. They 
are called spa,s \\lu*n first discovered they were supposed to 
be bodies of water, and, .dthouti;}! we now know that there is 
no watci on th(‘ moon, they are still called seas. They liear 



Tk 51 Km io Mil liiiihis snows in Kig 53 

Ih( ( ' iti IS iiK II iiiud Mici ll\ ifli I noil a aslionoini IS, anti tho mountain** 
ntti I iMoiint Kins till t lu ( iitli 

fanciful names The ()\.d s])ot half-wa\ up on the left side is 
the Sea of (Vise's. Immcdiatelv to the light ot it is the Sea of 
^'ranquillitv , and diice'tiv below this, also ov^al in shape, is the 
Sea ot St'renity. The big one below' and to the right is the 
Sea of Showers. Notict' .dso the bright spot near the top, with 
bright rays running fioin it. It is not a sea, but a crater, and 
it is called 1'ycho, after a great Danish astronomer. 

Next we have a j)hotograph|j(Eig, 52) of the moon at its first 
quarter, or when it is about seven days old. Some of the seas 
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are shown very well, but notice especially the numerous round 
objects, seen particularly clearly along the right-hand edge. 
These are craters, perhaps due to volcanic action in long-past 
ages. The largest one on the moon is seen half-way down the 
right-hand edge. It is called Ptolemy, after another great 
astronomer, and is 115 miles across. The largest crater on 
the earth, which is found in Japan, is only seven miles in 
diameter. Look also at some detached white spots in the 
darkness just beyond the ragged edge. These are the tops of 
mountain-peaks which are just being lighted up by the rising sun. 

Fig. 63 is from a photograph taken with the largest telescope 
in the world, which is on Mount Wilson in Southern California. 
This shows a portion of the moon (the northerly part) as seen 
at third quarter. Here is the Sea of Showers. The names of 
some of the objects seen in this picture are given in the key 
map (Fig. 54). First we have the Sea of Showers. On its 
upper left shore are the Apennines, a range of mountains named 
after the Apennine Mountains in Italy. At the lower left are 
the Alps, while the Caucasus Mountains are between. Notice 
the valley in the Alps. It is from three to six miles wide and 
over eighty miles long. Then there is the crater Plato. It 
looks elliptical in shape, because it is on the surface which is 
curving away from us, but in reality it is circular. It is sixty 
miles in diameter. Then there is Rainbow Bay, and higher 
up are the craters Archimedes, Eratosthenes, and others. Also 
note the sharp rock rising up at the left side of the Sea of 
Showers. It throws a very black shadow. This shows in 
what direction the sun is. It is interesting to pick out all these 
objects on the photograph. There are many other objects, and 
a name has been given to all the principal ones. 


Does the Moon always show the Same Face ? 

Month after month as we look at the full moon the same 
familiar features are seen, and so wc are in the habit of saying 
that the moon always shows the same face to the earth. And, 
indeed, that is practically correct. Should Hipparchus, the 
distinguished Greek astronomer, who lived more than two 
thousand years ago, visit the earth now, he would see the same 
face of the moon which he gazed upon from his observatory on 
the island of Rhodes in the iEgean Sea. 

When, however, we examine it closely we find that the 
portion of the moon’s surface which we see is not always 
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exactly the same. This is well illustrated in the two photo- 
graphs of the full moon in Fig. 55. Compare them carefully. 
In the right-hand view we see much farther above the crater 
Tycho, and, of course, much less below the Sea of Showers, 
than in the left-hand one. Also notice that a portion to the 
left of the Sea of Crises is visible in the left-hand picture which 
cannot be seen in the other one. 

Indeed, by continual observation with the telescope, or by 



Fio. 55. T>^() Photographs of the Moon, showing Libration 

A comparison of these two photographs, the second of which was taken after an 
interval of six months (October 31, 1906, and April 27, 1907), shows that the face of 
the moon which wo see is not always exactly the same The bright spot near the top 
18 the ciator Tycho, and the bright radiations from it are conspicuou*!. 

Amaitur "photographn^ D B Marsh 


studying jihotographs taken at different times, it is possible to 
see 59 per cent. f)f the entire surface of the moon. Some people 
express a wish to see the 41 per cent, which is always hidden 
from view, but they may rest assured that it is of the same 
general nature as that which we are permitted to see. 


Worship of the Moon 

The moon also was worshipped by the Egyptians. They 
had two moon-gods, one of them bearing the name of I'hoth. 
One form in which he was pictured is shown in Fig. 56. He 
has the body of a man and the head of an ibis — a bird regarded 
as sacred in ancient Egypt. Upon the head is a disc and 
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crescent, to which an ostrich feather, the synihol of truth, is 
added. In his hands he carries a \vriting-tal)let and a reed 
pen. Thoth was also the god of science and letters. 

The Moon a Dead World 

It is the o|)inioii of astronomers that tlie moon is a waste 
of rock and sand. No clouds arc (‘Vi*r seen upon its surface', 
and no clianges of its features liave Ix'en surely (let('ct(*d. Th(*y 
look somewhat different according as th(‘y ai(* lighted up differ- 
ently hy the sun's rays, hut there is no r(‘al cliange* in their 
shape's. lieneH* we f)elie'V(‘ that tlie're is wo atinusplu're' e>n the 
jne)on. When the sun's radiation he^ats down upeai its snrfae‘(' 
eluring its elaytime it must hce*om(' very hot, l)ut eluring its 
long night the te'inperature must fall ve'ry low. 

All is elead, de'serted, anel silent there'. 



Ki(f. .'lei. THorir, thk K<nriiAN 
Moon nni) 

'Fhis I*, oii« of ( In* foriii'i ol thoih 
foiiiKl oil rim*ieiit iiioiiiiriiiMiK, 
'I’hotli wn*! iiKo tin* of MMc nci* 
uiid 



(UIAPTKH V 

MIOHCl HV A\l) VKM’S 


Mercury 

. 'll K now como to t}u‘ 

'riio oiu‘ 

^ A nv(M*n^r (lihtiinci‘ from ^ 

n? that ])()(ly is ‘h) million ■ 

VirQo miles, thougli actually 

- -'it vari(*s Ih'Iwchmi 2Si 

and 4,‘h\ million.s. As \v(‘ liavc al- 

ready leariu^d, it is the sinalhsst of L^^M^pr 

In the aiieieiit (jjrec'k and Komaii 
mythology M(‘reury oeeu|)i(‘(l th(‘ 
position of messenger of the gods. 

Me was represented as a fine youth I 

with wings on his heels which en- 

abled him to rush through space \\ 

with treineiidous speed when he Wiks III 

performing his officaal diities. He 

was a favourite? subjiH't for artists Jjt 

and sculptors, and many fine paint- ^ 

ings and statues of him have been ■ 

made. A photogiaph of one of the 

most graceful and charming of these 

statues is shown in Fig. 57. It 

was made bv Giovanni da Bologna ^ the Mes- 

in Italy about 1575, and is in an art r , , r * , . 

II * . -,^1 111 his l(‘f( hiititl ho bears his 

gallery in rlorencc. ofhcuii \\un<i, or soeptro. His 

l^hc planets arc named after the supportod by the 

old heathen gods, and the name of 

Mercury was naturally given to the nearest planet, since it 
moves the swiftest of all. It never travels at less than twenty- 
three miles a second, and it sometimes reaches thirty-five miles 

87 
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a second. It requires only eighty -eight days to make its cir- 
cuit about the sun, or, in other words. Mercury’s year is not 
quite three of our months. Its diameter is 3030 miles, and its 
mass IS about one-twentieth that of the earth. The relative 
sizes of the earth and Mercury are shown in Fig. 58. 

Astronomers for a long time have patiently watched the 
planet with the telescope in the hope of recognizing some 
marks on its surface which would allow them to determine how 
long it takes Mercury to rotate on its axis, but they have not 



Fic 5S Rflativl Sizes op the Earph and Mercury 
The diameters nir 7918 miles and 3030 miles t c ,they are in the ratio of 100.39. 


'been very successful. It is generally believed that Mercury 
always presents the same face to the sun, and that it has little 
or no atmosphere. Therefore, on one face it must be a burning 
desert, on the other a frozen waste. 


Venus 

The plaiH't next in order is Venus. Its distance from the 
sun is 67 million miles,^ Just as Venus was the most beautiful 
of all the ancient deities, so Venus is the loveliest of all the 
sun’s family. As an evening star in the west, or a morning 
star in the east, Venus easily outshines all the other planets 
and all the stars, and draws forth the admiration of every one. 

At the speed of twenty-two miles per second Venus pursues 
her path, and makes a complete revolution in 225 days or seven 
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and a half months. The diameter of the planet is 7700 miles, 
which is almost the same as that of the earth. Indeed, Venus 
and the earth are twin sisters (Fig. 59). 

Before we consider the behaviour of Venus there are some 
things which should be remembered : 

(1) Venus has no light of its own, but shines only as it is 
illuminated by the sun. 

(2) At all times one-half of the planet’s surface^ is illuminated 
— namely, that hemisphere which is turned toward the sun. 



Fia. 59 Rei ative Sizes of the Earth and Venus 
The diamcter'i are 7918 and 7700 miIo«. — » c , they are in the ratio of 100:97. 


(3) We observe it from the earth, which is 93 million miles 
from the sun, and therefore beyond the orbit of Venus. 

In Fig. 60 we see a young astronomer on the earth watching 
Venus as it moves round the sun. When Venus is at position 1 
it is at its greatest distance from the earth, being then 93 
plus 67, or 160, million miles away. This is a very great 
distance indeed, and consequently the planet appears small. 
The planet really cannot be observed when it is in this position, 
as it is lost in the blaze of the sun’s light. As observed from 
the earth, it will usually be a little north or a little south of the 
sun, but so close to it in the sky that it cannot be seen. If at 
this time the moon comes in front of the sun and shuts off its 
intense light the planet can be seen, and through a telescope 
it shows a bright round disc. This is, of course, exactly what 
we should expect, since its illuminated hemisphere is turned 
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directly toward us. Indeed, it has been photographed wht^n very 
close to this position, and it shows a round disc (Fig. 01, A). 

When it reaches 2 (Fig. 60) it is nearer the earth and for that 
reason looks larger, but now we cannot see the entire illunii- 
nated hemisphere. With the nak(‘d eye one cannot at any time 
make out th(‘ shape of the disc, but a small telescope will show 
that it has th(* gibbous form shown in Fig. 60. On reaching 3 
it is much closer and brighter, and it looks like a half -moon. 



Fid 00 How Vlncs sHO^\s Pifases 

'Pile oiioiiHT on tin* oarth watches Voims ns it moves fioin supeiior con 

jiinctiuii witli Ihc sun (jiosition 1) to inferior conjunction (position G). It apyieais to 
increase in '-i/c and to shcjw phases. 

Drann by F. S. Smith 


As it moves along its orbit it becomes still brighter until it 
comes to 4. The telescope reveals it now to be crescent- 
shaped. ((^ompare Fig. 61, B, 0. D.) 

Five weeks later the planet reaches 5 (Fig. 60). At this 
time its distance from the earth is 93 minus 67, or 26, million 
miles. It is now closest to the earth, but, as its illuminated 
face is turned from the earth, we cannot see the planet at all. 
Venus hides her beautiful fac(ffrom us. 

Then in five weeks more the planet moves to 6, where its 
shape is similar to that at 4. Then it moves to 7 and 8 and 1 
again. 

We thus see that Venus shows phases like the moon. 
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Morning and Evening Star 

We have not finished with this y)ieture yet. When Venus 
is at 2, .'J, or 4 a person on the earth will see the plaiu't up in 
the sky to the left-hand of the sun. Look uj) now at the sun 
and think of Venus as being on \our left-hand — that is, east 
of the sun. Then as the sun moves across the sky during the 
day V^mus will follow^ it, and when the sun has set in the west 
Venus will still be above the horizon, and wv call it an evening 

fStar. 

When, how(‘ver, Venus is at (5, 7, or S it will a])pear in the 



A B O D 

Fi(3. G1. Piiotookaphs of Vlms 

JTolo w(' liivf .u’tuiil iitiotdj'ruphs of tho planet, showiiif' Iho nicre.iso in iippaioiit 
(li.iiiK'hT .mil hIno Uio pliasf^s, which vary from • full ’ to a sltMidci cn'scoiit. 
Photoqraph\ bv !. 0. JsoutU Obirriatory 

sky to the right, or west, of the sun. Hence as tlu* sun moves 
across the sky the planet wdll move along ahead of it (will 
precede it, as the astronomer says), and so will set before the 
sun ; but next morning it will come up in the east before the 
sun — that is, it will be a morning star. 

The ancient people thought the evening and the morning 
star were two different bodi(‘s, and called them Hesjierus and 
Phosphorus respectively. 

No definite permanent markings on the surface of Venus 
(;an be seen, and it is therefore difficult to determine how long 
it takes to turn on its axis. For a long time it was believed 
that the planet rotated in a little less than twenty-four hours. 
Then further observations led to the view that it presentt'd the 
same face always to the sun, and therefore that its rotation 
and revolution periods were the same — namely, 225 days. If 
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the rotation jirriod were in the neighbourhood of a day the 
planet would be flattened at the poles This effect is shown 



The bf st time to cibst rvi Vt nus ih in the daytime, when it is hiph above the honzon 
Dr Lowell is iisin/r the 2 foot telescope of thf^-Lowell Observatory, FlHffstnfT, Arizona, 
which he founded It was with this telescope that Dr Lowell made most of hia 
observations on Mars and the other planets 


by all the planets which are known to have short periods. But 
many accurate measurements have not revealed any difference 
between the polar and equatorial diameters of Venus. At 
present the evidence is favourable to a period longer than 
twenty days — perhaps five or six weeks. 
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VenuB has a thick atmosphere which prevents the surface 
from getting either too hot or too cold. Mercury has no such 
protection. It is this atmosphere which prevents us from 
seeing any marks on the solid surface of the planet. 

Venus seen in Daylight 

Venus when at its greatest brilliancy far outshines any other 
planet or star, and can be seen easily in full sunlight if one knows 
just in what direction to look for it. 

Comparatively few people have seen the planet in the day- 
time, but on some occasions it has aroused much interest. In 
1716 many citizens of London were thrown into a state of 
excitement on seeing a strange object in the sky in the daytime, 
and feared that it might be the forerunner of some disaster. 
But the astronomer Halley explained that it was simply the 
planet Venus following its usual course. 

It is also reported that on one occasion, when Napoleon was 
on his way to a state ceremony in Paris at noon, he was surprised 
to find the pi'ople more interested in looking at something in the 
sky than in himselt and his brilliant staff. On seeking the cause 
the planet was pointed out to him. 

Quite recently there was some stir in the city of Los Angeles, 
in California, when the people gathered in considerable numbers 
to see Venus. The tall buildings kept out the direct sunshine 
and permitted a comfortable view of that part of the sky in 
which the planet was. But it may be seen quite well in the 
country. A few years ago some persons living on the prairie 
in Western (^anada, on discovering the planet in the sky, 
telegraphed the news throughout the country. 

Venus is always a dazzling object in the telescope, and is 
best observed when high above the horizon. In Fig. 62 Dr 
Percival LowtII, of the Lowell Observatory, Flagstaff, Arizona, 
is shown observing Venus in the daytime. When brightest its 
shape is like the moon five days old — like that between 3 and 4 
or 6 and 7 in Fig. 60. 



(CHAPTER VT 

MARS 


The Planet’s Distance and Size 

^ F all the planets Mars has exeitetl the j^reatest 
I interest. It seems to he more like the c^arth than 
any of the others, and ev(Tyho(l\ is anxious to 
learn if th(M*e art" living l)(‘in^s u])on it. 

The planet’s clistanee from tla^ sun is about 
142 million miles, x\hieh is one and a half times 
the eartli’s distanee, and it eompl(d(\s its eireuit 
about the sun in (5S7 flays, trav(41in^ eontiiiually 
uith a speed of fifteen miles a second. 

The diameter of Mars is 4215 miles, not miieh mon* than 



Fi(! 03. Kllative Sizes the Eauth and Maks 

1 ho !*■ aiH 79 IS iiuIin anil 4215 miles- i e , thov aio iii iJn 

latiii Ilf 190 . 5.*t. 


half that of th(‘ earth (Eig. 63), and its mass is one-ninth that 
of the earth. In otlier words, there is enough materia] in the 
earth to make nine jilanets like Mars. 

Orbits of the Earth and Mars 

Let us look into the motion of the earth and of Mars. In 
Fig. 64 the inner orbit is that of the earth, the outer is thaWf 

94 
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Mars. The or])its are really ellipsefi, but they do not differ 
much from circles. 

Th(' })osilion of the earth on the iirsi day of each month is 
giv'(*n. It occupies these same places y(‘ar after year. 

The position of Mars on the first day of e^ach month of Ji)2h is 
also shown. As it takes almost two years to ^o round the sun, 


DtC2l 

/92a 



'I’lir »iil its me lo sc.ili*. Not** th.it thi* orints aio olosfi at one side 

tlum ill llie otliei. 'I’he jioMtioii ot the f*uith on tin* lirst ot eacli iiionlli 
iind of ]\]ais on tlie fii^l oi eaili month ot 102G, is shouM, anil tlie niimher beside the 
lira* joiniiif^ tin* l\io lioilit s e^])lesso> the distanee apart in millions ot iinh"-. 

it passt's over only a little more than half of its orbit in one 
yt'ar. The lint' joining the two bodies represents tht' distance 
betw'een them on the different dates, and it is interesting to see 
how the distance cluingea. The figures beside the lint' give the 
distance in millions of miles. 

On January 1 the planet was 208 million miles from the 
earth, but by February 1 this had been reduced to 188 millions. 
Thus during January Mars came closer to the earth by 20 
million miles, or the speed of approach was about ten miles 
per second, "^he distance between the bodies continually 
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diminishes until November. On the 4th of that month Mars 
and the earth arc in the x^ositions shown. At this time the 
sun, the earth, and Mars are in line, and a person on the earth 
sees the sun and the planet on opposite sides of him. The 
astronomer describes this condition of things by saying that 
Mars is in opposition to the sun. As the sun sets in the west 



05. A Drawing op Mars 


Thi's drawing rupienuits Mars as socni with the SB-iiich tiiloHCope of the Lick Obsorva 
tory, in California, on August 29, 1924. The bright spot at the top is the pole cap, the 
darker portion (greenish in the telescope) it. probably vegetation, and the lighter por- 
tioii (pinkish in the telescope) desert. The straight streaks are “ canals.” 

Drawn by R. J. Trumphr 

Mars rises in the east, and it is a prominent object in the sky 
all night long. At the opposition of Mars of November 4, 
1926, Mars was about 43 milUon miles from the earth. 

The interval from one opposition to the next is about 780 
days. Thus there was an opposition on August 23, 1924, at 
which time the distance from Mars to the earth was less than 
36 million miles. The diagram shows where they were then. 
This was the closest approach of the two bodies for many years 
past or to come. The opposition next after that of November 4, 





MARS 97 

1926, is about 780 days after that date — about December 21, 
I92S, and the distance then will be about 55 million miles. 

The Appearance of Mars in a Telescope 

When Mars is at a v<'ry groat distance^ from the earth, as it 
was in fJanuaiy 192(5, it is not very bright — about as bright as 
the Pole Stai‘ ; but when it is near it becomes one of the most 
brilliant objects in the sky. It has a ruddy, fiery colour, and 
one is not surprised that the ancients named it aftei* tlu'ir god 
of war. 

WHien a large t(descoj>e is turned on Mars we see interesting 


ion. PM 10 21 pm 0 21PM 

Fia ()(i AUus. Tinii E Photographs showing Rotation 

Tin s« photo^i fioni ii^lif to Iclt, wt»io taken at M 24, 10 21, ami 10 46 p.m. 

lesptM ti\ply In Iho inlerv il (jf an hour and t^\eiit> two ininiiti s b( tween tho hut and 
the tliiid plioloRiapJi the lotation of the planet is t lenil\ seen. 

im Jfr/iN (/hstnatviy 

features on its surface. It is quite unlike Mercury or Venus, 
on which we cannot see any definite markings at all. Fig. 65 
shows a drawing made at tht* Lick Observatory in California in 
1924. Certain details on the surface are clearly shown. When 
viewed a few" hours later the face is quite different. This fact is 
well illustrated in Fig. 66. The right-hand photograph in this 
was taken at 9.24 p.m., the middle one at 10.24, and the left-hand 
one at 10.46. There is a decided change between the first and 
the last, due to the rotation of the planet during the hour and 
twenty-two minutes which elapsed between the exposures. 

By watching the markings on the planet the time required 
for a complete rotation has been found. It is 24 hr. 37 min. 
22*6 sec. This is the length of a day on Mars. 

The planet also has seasons, but they are nearly twice as 
long as ours. They are also much colder, since Mars is one and 

a 
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a half times as far from the sun, which is the source of all the 
heat received both by the earth and Mars. In the long winter 
the temperatuie falls very low, and beings such as ourselves 
could hardly exist theie. 

Mars looks quite' diilerent in summer and in winter. This is 
shown in Figs. 07 and 08. In the former are two drawings of 
the planet, one inaeh' during its winter and the other dining its 



Kia (i7 Two ViKws of Mars, siiowino Sj vsonal (Manors 


Tho lijft liAiid pKluic IS It wjutoi vitw in th< nglit luind oiio tin smiie poition of 
the plant ( duiin^ its siinirnor is shown Iht jiult. cap seen diiniif' wiiitt r 1ms dis 
appeared by sumincr, and otlu i featureb have also drvtlopt d. 

Praun bv P J^ouell I outU Ubsmntftrtf 

summer. In Fig. 08 are photographs taken at that season on 
Mars which corresponds to our May and at other times on to 
the Martian summer. ^Fhe change in the appearance of the sur- 
face is very clear. The great pole-eap, which is suiipobcd to be 
ice, melts and almost disappears, whih' the* markings at the 
equator grow in width and become darker. 


The Canals of Mars 

Within the last fifty years astronomers have detected some 
fine lines on the surface of Mars, which have been called canals. 
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In Fig. ()9 are four views of the planet, from drawings by Dr 
Pereival Lowell. The faint straight lines are the canals. The 
lighter portions of the surface shown in these views appear 
reddish in the telescope, and the d.arker portions appear greenish. 
The former ar(‘ su})j)osed to be desert, and the latter vegeta- 
tion of SOUK' sort. Some people think these straight lines an* 
real canals which have l)een built by intelligent persons on Mars, 
but the majority of astronomers are very doubtful about that. 



Ftc; I’mnoi.KAiMis nb Mars, showinu Cimnofs r\ Sprino and Summer 


(Mciii (jliotii^raplis ol M II on u sc ulo enough to levtuil tiotiiils on tliesinfHi e are 

hui(Hos( ( me, .IS (he im lee on t Jie photoginphii pl.iti issosinnll, but distiiit t changes 
pioduced IS (he Mm linn vein .iiUniuecl ,in shown in theso jiietuies. 

I’hottufraph', hif /. ( Shpher^ LttutU Observatory 

The canals can be detected best by observation with the tele- 
scope. "J'liey are too fine and faint to be photographed satis- 
factorily. An interesting comparison of photographs with a 
drawing made at the same time is given in Fig. 70. In this 
figure I, 2, and 3 are photographs taken in the regular way — 
that is, with a camera at the end of a telescope. At the same 
time th(* drawing, 4, was made. Then this drawing was placed 
at such a distance from the camera that when photographed 
(through the telescope, of course) the imago on the plate was of 
just the same size as the image of the planet in the sky. The 
picture thus taken is 6. It is precisely like the photographs 
1, 2, and 3. 
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The Atmosphere of Mars 

Since the very surface of Mars can be seen elearly, it is evi- 
dent that its atmosphere must be rare and transj)arent, not 



1 4 

Ki«. (}9. K(»rR Dkawtn<js df Maks (Lowkll) 


Those i)iotiiros oxhihil llie four 'sides' of Murs as it rotates on ils axis. The 
features shown appear as the planet rotates 90'^ on its axis. 'I’ho rotation peiiod of 
Mars IS 2 4 hi. nun. Ktdtnun by F. S. Smith 

dense and opaque like that of Venus. A close watch on the 
planet, extending over many years, has revealed an occasional 
thin cloud, but the general opinion of observers has been that 
there is almost eontinuous fine weather on Mars — with no dis- 
turbances in the atmosphere such as produce storms on the earth. 
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In 1924 and again in 1926, however, striking evidence of an 
atmosphere was obtained — and in a very neat manner. For 
some years J^rofessor W. H. Wright of the Liek Observatory in 
C.alifornia has been studying how' best to ])hotogra])h distant 
objects on the earth by means of a t('lescop(\ He found that 
the most satisfactory pictures were obtaiiu^d when he placed a 
deep red filter over th(‘ photographic plate. In this way only 
red light was used in producing the image on the negative, if 
he used a blue or a violet filter, or no filter at all, many of the 
details were not recorded. 

This is wtU illustrated in the two pictures in Fig. 71 . They 
wTre taken from the summit of Mount Hamilton, on w^hich is 



Kkj. 70 . IMioroauAPHs of Mars, \m> a Dkawino audl at 
THIS Sami: Time 


Kvrn when Mats is to tin* earth, its inui;^e on I he photof'rapiiic phito is 

iiTi(i It Is iM)p()<-si()|(' to lecoid iti this May fun* tliMiiils whieli chii lie srini tlirou^h 
tiu' telescofM*. In this illiist i.itioii the first tliiee pictures arc photographs, the louith 
is a drawing' iiuulo at the tune, and the Hith is a photo^ra])h ol this draMinjj; uheii it 
was ])lac‘('d so far oil tiiat it appeared in the lelcscojie to hi* of tlie same bi/.e as the 
ai’tual planet did. It look^ very like the ilireet phuto^iaphs ot the' planet. 

rimUHimiifm by /.’. Shphtr, /(null ObscnatfH y 

the Lick Observatory. ^J'he tf)wn of Nan Jose is thirteen and a 
half miles away in the famous Santa (^lara vall(\v. 1'h(‘ right- 
hand picture* was taken with red light. In it you can see 
clearly the town as well as the trees and roads in the valley. 
The left-hand picture was taken with viok't light.^ In it you 
see only that part of the mountain near the observatory, the 
distant valley being only a blur. 

You remember, of course, that white light contains rays of 
all colours. It scfuns that the red rays can pass freely through 
the atmosphere, while the other rays are absorbed by it. 

When Mars came especially close to the earth in 1924 the 
thought occurred to Professor Wright to photograph it with red 
and with violet light. The results were surprising. 

' Actually these photographs were taken with infra-red and ultra-violet light — 
that is, M'lth radiations just beyond the red end and the violet end of the spectrum. 
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Some of the photographs uliieh he obtained are shown in 
Figs. 72 and 7H. In eaeh of these A is tlu* [iieturi* taken with 
violet light, B that with red light. You see d(‘tails with red 
light whicli are entirely absent from the pjctuies with violet 
light. 

There is something ('ls(‘ to be observed. The vioh't pictures 
are distinctly larger than the hmI ones. 

Why is this i The explanation otterc'd is that tluTe is an 
atmosphere about the planet, and when the light from the sur 



Flu 71 PiioKxaarus ()i v Disi \m L\m)s( i\kin 
will! AND Hid Ij(,mi 

On pItH I \ loif Miltc t 1)( tom t lu pliolo^o ipliic })] iti mil thus illoujiii; only 
li^lit to rt HI li it , tlio kit h iiul pi( lull \\ is oSt iin< d with ii il filh i t ho i i^ht h iiirl 
pic tuio ^\as SI ( uiod riioso aro pic t UK s of till cilycd Siii.Iosi (liiitc i ii iiiili s huhv 
troinihosiiiiiiniiut Mount lLiUuiltuu,(’iiiloiiii i,whi II bhoLnkOh i iv itor\ isluciitod. 

Photoffrnplis by If Lid Oburiatory 


reaches it the violet rays are unable to pass down through the 
atmosphere and get to the suifaee, but are turned liaek by the 
atmosphere, and when they arrive at the camera they simply 
give a photograph of the atmosphere, not of the surface of the 
planet. On the other hand, the ri'd rays jiass right through 
the atmosphere to the surface, and then come back through 
it. When they reach the camera they give a picture of the 
surface. 

On placing one-half of a violet image against onc-haM of a 
red image (Fig. 72, C) it is clearly seen that the former is the 
larger. Indeed, by measurement the radius of the violet image 
is found to be about 5*7 jier cent, greater than that of the red 
image. Now the red image seems to be a picture of the actual 
surface of the planet, and the extra 5*7 per cent, must be due 


MARS 103 

to the atmosphere surrounding it. The radius of the planet is 
about 2100 miles, and 5-7 of this is about 120 miles, which is, 
therefore, the height of the atmosphere. 


A It ( 



Fin. 72. vriis ok Maks takkn wiui \ ioli.i akd Hm) Lhiiit 


A, with Molol liirhl ; Ji, wilJi ltd lij'lif , (*, h lU of oju*h iiiidf^o jilMiorl topothor 
bhowin^ thdl llu' violot is distirirtly the laigei . Fioiii this it is coiicluded that 

Mars has an <‘xti iisive atinospla n*. 

h}/ ]] uglily / uL Obscnniorg 


Mote the peculiar white* ‘excrescence’ on Kig. 72, A. This 
is a specially large cloud. There is no trace ot it in B. In 
J^^ig. 73, B, tluTc is a white spot near the l(*ft edge of the picture 


\ It 



Fin. 73. FiRniER FiioronRArHs with Violet and 
Uld Light 

Tha red imago (U) is siiiallor, and bhows more detail than 
the violet imago (A). 

rhototjrnphii by Wnght^ Lick Obstnalory 


of the planet and half-way down from the top.^ This also is a 
cloud, it would seem, which in this instance is not seen in A. 

Thus what began as simple amusement in amateur photo- 
graphy led to important results in astronomy. 

^ Turn the book until what is now the right side of tlie picture is at the top. The 
dark markings on the planet will look like a deer’s head. The white spot is at the 
deer s throat. 
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Is Mars Habitable ^ 

As lias l)cen already n'niarked, the winters on Mars must be 
extremely cold. How almut the summers { AVithin the* last 
few y(*ars the instrument known as a thermo-couple has been 
made so delicate and sensiti\(' that it can actually measure the 
heat w^hich Mars radiates to the earth, and from this heat cal- 
culations of the temperature of diffi^rent portions of the planet's 



Fk,. 74 TiiL Mvrtians, according to Mr H. (i Wf-LLs 


111 ’Mr Wiliss lii^liU iinagiiiMtiM stoiv The li ar of the ]\ofl(h (In in}i ihitdiiU nt 
Mais mo (loscril)Oil liii\ iii^ lh( ii IumMs om r dc \ i lope rt and c idar^i d but I him liodx's 
reduci'd to sloiidoi (< ntaclos 

Jf/muibi/J S '^inilft,ajffi Dudoin/f 

surface can be made. It is found that the temjierature of the 
brightly illuminated surface is not unlike that of a cool day on 
the earth with the temperature ranging from 45° to 05° F. It 
is quite possible that some vegetable, and perhaps some animal, 
life may exist on Mars. 

Some years ago Mr II. G. Wells publisIuHl a vcTy clever story 
entitled The War of the Worldfi, In it he described an imagin- 
ary attack made upon the earth by jieople from Mars. The 
author represented the inhabitants of Mars as very advanced 
intellectually, their brains having expanded so that their heads 
were about 4 feet in diameter. Their bodies, however, had 
shrunk almost to nothing, and their legs were little more than 
slender, whip-like tentacles. 
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Of course, it is hardly necessary to remark that Mr Wells’s story 
is purely fanciful, but it is told in a realistic and thrilling way. 

A French artist, Monsieur l)ud(m\t, has drawn some pictures 
of the Maitians according to Mr \V('lls\ conce|)tion of them 
(Fig. 74). Notice that two of these beings are standing uj), while 
a third one is sitting on the ground, unal)l(‘ to get up. Now the 
force of gravity, which tries to pull all bodies (loA\n toward the 
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Fig. 75 Oiuiiis of< the Moons o^ Maks 


I Ik unit I iiioim losolvism 7 In 39 in in ytlioontti in 3G lii 18 iii'ii , whilo Mni'i 
lotati N on its H'vis in 241ii. 37 iinn lliiis Uu iiiiKi moon k voIm^ thiee limes in a 
M nil in (Ifi-v. It moves so fast Unit it rises in tin west ami st Is. in the east. 


centre of the earth, or any other planet, is much smaller on 
Mars than on the earth. Indeed, it is only about tw'O-fifths as 
great. A body w^hich weighs JOO fiounds whtui tested by a 
spring balance on the earth would, it taken to Mars and tested 
in the same manner, weigh only about 40 pounds. If a person 
from the (‘arth could visit Mars he would find it very easy to 
rise up after lying down, and if he could jump JO feet on the 
earth he would be able to jump 25 on Mars. But it would be 
quite different if a person from Mars came to the earth. He 
would probably find it impossible to get on his feet from lying 
or sitting down. In the story the Martians are repi*esented as 
finding it difficult to move about the earth ; and the one shown 





106 OUR WONDERFUL UNIVERSE 

in the picture sitting on the ground finds it very diflicult, if not 
impossible, to get up. 


The Moons of Mars 

Mars has two small moons (Fig. 7.5). Th«‘y were discovered 
in 1877 by an astronomer named Asapli Hall. In the summer 
of that year Mars came very close to the earth, though not so 
near as in 1924, and a tclescoi)e with a diameter of 26 inches, 
the largest in the world at that time, had recently been erected 
at Washington, the capital of the United States. Night after 
night in August Mr Hall searched the sky near to the planet 
to see if he could find any moons revolving about it. He was 
on the point of giving up, but his wife urged him to continue 
a little longer. He did so, and on the night of August 11 he 
discovered one moon, and six dajs later a second. 

These moons are named Deimos and I’hobos, which are the 
names given by the poet Homer to tlu* horses whieh drew the 
chariot of Mars, the god of war. They an* only a few miles in 
diameter, and give out very little light. They arc* very elose 
to the planet, and revolve about it very rapidly — Phobos, the 
nearer one, in seven hours and thirty-nim* minutes ; and I leimos, 
the farther, in thirty hoiirs and eighteen minutes. Just think 
of it — I’hobos revolves three times about Mars while the planet 
rotates once on its a.xis. It actually rises in the v'Chf and rushes 
over and sets in the east. No other satellite behaves like this. 
Our moon takes four weeks to go round the earth. 



(CHAPTER VII 

Jri’ITEU— SATURN UR \XUS NKPTUNM^: 


Jupiter 

' HUS far we have been learniiij; about the four 

inner planets — those mc'inbc^rs of the sun’s family 
whieh are always found comparatively near the 
Scorpio)^ gr(‘at body about whieh they move. I’hey are all 
comparatively small and eomposcfl of hevavy, or 
dense', matter. Lc't us now travc'l farther out 
IH into space to see the other four nu'inbers of the 
family as they pursue th('ir courses at their im- 
mense distances from the great sun. 

The first one we reach is the mighty dupiter, tlu' greatest of 
all the planets, its distance' from the sun is 5*2 times that of 
the earth, e)r 482 million miles, 
and it requires alme)st twelve of 
our yt'ars for it to ce)mple*te' a 
single reve)lutie)n, although it 
speeeis alemg ce)ntiniially at the 
rate of eight miles a second. 


n 


Jupiter as seen in a Telescope 

Ju])iter is a very charming 
sight through a small telescope 
avS it hangs up there in the sky 
(Fig. 76). In addition to the 
big dise of the planet, four 
sparkling little stars are to be 
ien in . straight line drawn “ 

through the planet, like jKarls m 

on a stretched string. hose Jupiter hut* ti\« moro moons, but they 

are satellites, or moons. They “ q„r“,,To“"..Mho™: “ 
were the very first objects in the 

sky discovered by Galileo in 1610 with his newly invented 
telescope. They are just beyond the power of the naked eye, 
but can be seen with a good field-glass if it is held very steady. 
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Through a laj’gor tele&cof)e* we see iiiterosting bands and other 
markings on the ])]anet (Fig. 77), and we also recognize that 
Jupiter is not a perfect sphere, but is decidedly llattened at the 
poles. This IS clearly shown in the drawing. Actual measure- 
ment reveals the fact that, wliile the equatorial diameter is 
about 80,000 miles, the polar diameter is only 83,000 miles. 



Fif, 77. JuPIPhR AS SI FN ns A LaKGL TlLLS(()PL 


In a Itli'scopi* curious details of the bauds tiro n vo.iJi d, iiid tin blown ind 

ohvo tints of tlio suitati present ii fine pietuio Tho fi ilures c h«n^/o roiiipUtely 
in two or thi< < lioiiis, us tho planet lotutis on its axis in loss tli ui Uii homs J he 
flattening at tin. poKs is ulso very evident, us shown in this diawirig 
JJntHn hy Afihry Ink Obstrintory 


Why is Jii])iter so flattened i We should snsjrect that it 
must spin on its axis very rapidly, and such is the case. It 
actually rotates once in nine hours and fifty-live minutes. A 
point on its equator travels over 28,000 miles per hour ^ 


The Mass of Jupiter 

Jupiter contains enough material to make 317 earths, but it 
is not so dense as the earth — indeed, only about one-quarter as 
dense. This is about the same as the density of the sun, and 
some people have surmised that Jupiter must be very hot. It 
does not, however, give out any light of its own ; we see it 



JUPITER 


109 


only as it is illuminated by the sun’s rays. Moreover, recent 
nieasurenionts ha\e shown that the tempeTature of its surface 
is very low. 


The Motion of Jupiter's Satellites 

A pleasing exercise for a ])erson A^ith a small teh'scope is to 
watch the four satellites They are numbeied I, II, III, I\ m 



BrannhuJ II Hrid jer, Croydon Draunby J F Ruhr, Lirk Obsnvat try 

(Utobtr 2(1 I 11 (> 11 O'* V M |W(;UA/ 30 IS )0 1 1 OS P M {Patifi hni 4 >) 


Fio 7 S Dkawincis ok Jtrpiiiii, showing a Moox 

\M) ns SiiAHow r\ Tiuxsn 

111 t i( h tin sao llifp 111(1 it's shudoi^ am seen cio^^sinfj o\pi in fionl of tlio 

j)l met lli( <liilv, loMiul spot I thi shadow upon tlit* plinot s suilam cast by the 
sitillitt In tin ltdt li iml piituit tin. satdlito u c lost to its shadow, both bcini' well 
seen ipiiiist i* dirk bind ol thH])laint In this drawings the plum t is shown as it 
appears in an oidin ii y ti li si opt, and so the top is the south fii the ti lose ope the 
atellite and its shadow mtti at tin light i dgt and move to tin Itfl across the disc 
Xt lilt time this di iwiiig w is inadu the saltlliti had bi tn on thi disi sixteen minutes 
iiid its shadow twi nty two ininutis 

In the right hand pif lint tin dark shadow is i h arlyseeii at the light llie satellite 
tself is shghtiv to tin Jiglit ot tin coiitie oi the disc I here is Idtiu lontiast between 
t and the biight band hi hind it, and so it is nut conspii uons In this ease the satel 
liti had I nil n d upon the disc an hoiii and si\ minutes, and the shadow twenty one 
minutes, hi ioii tin di awing wi s made 


order of tlieir distance from the planet. They are all larger 
than our moon, and their times of revolution are forty-two 
hours, three and a half days, seven days, and sixteen and a 
half days resjiectively. It is very interesting to follow their 
motions as th(\y move about the giant planet. Sometimes they 
pass in front of it and cast a shadow on its face. The satellite 
and its shadow slowly move across the face of the planet, and 
apparently drop oft at its edge. This is illustrated in Pig. 78, 
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which shows two drawings of Jupiter. In the left-hand one a 
satellite and its dark shadow are seen close together as they 
move across the face. In the right-hand picture the dark 
round shadow is easily seen near the right-hand side, being in 
front of a bright l)and on the planet. The satellite itself, 
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Kio. 7!t. 

Jupil KK 

A^D IIS Satellttks ov Six 

Surc’Essivi'. Days 


Th«* rentml obj* < 1 is the planet, and tbo dots represent the four large sut(‘lldes. 
Then distanees Imin the jildiiet and then periods of levoliition about it are asfollous : 
No. 1, 201,800 rndes; i2h hr. No. JI, 416,000 miles; .3 d. 13 hr. No. IIT, 604,200 
Hides; 7d 4hr. \o. IV, 1,1 08,700 miles ; lOd. 17hr. In the diagram the positions 
are shown at 1 a m on .July 16 21, 1926. The arrow iiidicuteH tiie direction in which 
the satellite is moving. It is interesting to follow then motions from day to day. 


which produces the shadow, is directly to the left of the shadow 
and a little to the right of the centre of the disc. You can hardly 
see it, for it is a liright object and is in front of a bright band. 

In this picture notice also an elliptical object above the equa- 
torial band and near the left edge of the disc. This is what 
was known as the great red apot. It was first noted in 1878, and 
was very conspicuous for several years. When at its best it 
was 30,000 miles long and about 7000 wide. Now it is gone, 
but the hollow where it lay can still be seen. 
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In Fig. 79 are given the positions of the satellites at 1 a.m. on 
six days in July 1926. The arrow indicates the direction in 
which the satellite is moving, and we can easily follow the 
motions of ('a(*h satellite from one day to the next. 


Photographs of Jupiter 

Some excellent pliotographs of .Iiij)iter have been taken, even 
though vfien nearest tb(‘ earth it is more than 270 million miles 



Fkj so. Piiot()oraj*hs of JrriTER 

In these f)hoto>.M i[)lis, (mK( ii in diHerent je us, the < haii^i s in tlie system of belts ure 
shown alnmsl is i h arl^ as in a piod di awing made with a 1 uge tt lest ope. 

h ( / omll (tbstnatory 

away. In Kig. SO are two pliotograplhs taken at the Lowell 
Observatory, one in 1915 and the other in 1917. 1'he bands 
and some other details on the suHace are well shown. At 
the upper right edge of the left-hand picture and above the 
equatorial band is seen the hollow where the great red spot 
was. 

Professor Wright has also taken some photographs of Jupiter 
in ultra-violet and infra-red light. Two of them, the second 
one taken after an interval of an hour and sixteen minutes, are 
shown in Fig. 81. .As in the case of Mars, the red image is the 
smaller of the two, and it shows some features which do not 
appear on the violet image. In the interval between the two 
photographs the planet made one-eighth of a rotation on its 
axis — the rotary motion being from right to left, as seen in the 
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pictures. The hollow of the great red spot is just coming on in 
the violet image ; in the other it is near the centre of the disc, 
but it is invisible. 



Fio 81 Pjt()1hgr\piis ot Jiri'mR takfn nmth Violei and Ktd Light 

Th<* left hand putiiro w is (ukeii uilli ultri violot tli( n^lit with iiifr i ltd 

The forme J was < vposi d at 1 v M (htohii J8, 1026, thelaUu, J In 16 rnin litci 
Between uxposiiits tlia pJ iia I iotd(<l 4> Plu lotaiy motion fiom to hit 

The hollow when tin old H< d Spot foimetlv Ixy is just ijipi arm^ on tlu hit irna^i , 
it IS netii the c* idle ot tlu i i^hl im ip , hut is in\ isihh Noli tin iti i di inu tei of 
the iiltia MoUt iin ilso (lu fl dtiniii^of thi jdaiut 

Ih t f! If hs ht/ W n^ht // ! <ib<ni iion/ 


Saturn 

The next membt'r of the solar system as we proceed outward 
from the sun is th(' most remarkal)le of all the family. It is 
the planet Saturn (t^ig. 82). At nine and a half times the earth’s 
distance, or 880 million miles, from the sun it moves along its 
path at the rate of six miles per second and completes a revolu- 
tion in twenty-nine and a half years. 

Its great bedted globe is surrounded by a wonderful set of 
rings and as it moves majestically along its appointed way it 
is attended by ten satellites which for ever revolve about it, 
some quite close, others a long way off, as though they were a 
bodyguard to protect it from enemies lurking in space. 

The equatorial diameter of the ball is 74,100 miles, and the 
polar diameter is about 7800 miles less, or 66,300 miles. Thus 
it is much flattened at the })oles, and we should expect it to 
turn about its axis rapidly. And such is the case. To make 
one rotation requires only ten hours and fourteen minutes. 

The matter of which Saturn is composed is about as heavy 
as dry oak or maple-wood, and so the planet would float on 
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water if a large enough ocean could be found on \^hich to 
launch it. All the other planets would sink. 



Fio. S2 S\n KN \M» Tis SmuiiiT'S si I n tn V Smmi Tirrs(i)PF 

Sutiuii ( IK ir< l« (I It'' It iim k il>h liii/s iikI u ( i>iiip(i])K d I>\ its f iiiiih . 
ot 1)10011 is I ( I) 1) ini))^ objf 1 1 in 111 ) tilisfoju 


The Rings of Saturn 

There are three rings in the system, as is clearly illustrated 
in Kig. s:}. outer one is se])aratefl by a dark space from 

the middle one, uhich is wider and bTighter than the first, and 
the innermost ring is much fainter than eitluu’ of the others. 

The outside diameter of the outer ring is 171,000 miles, while 
its thickness is ])rol)ably not greater than 10 miles. If you 
should take a slu^et of the thinnest tissue-papei* and cut out a 
circular disc 17 inches in diameter to rejaesent the size of the 
rings, the thickness of tlu' pajic'r would represent their thickness. 

What are these rings made of ( 

They are composed of small, se])arate bodies, like boulders or 
big stones, which are so close together that very little, if any, 
light can pass through between them. These bodies revolve 
about the ball of the planet as though they were a close-packed 
swarm of moons, each independent of the others. 
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Phases of the Rings 

As the planet revolves about the sun the rings show different 
phases as illustrated in Fig. 84. When either the earth or the 
sun is in th(‘ ])lan(‘ ot the rings they eannot be sc^en. This 
happens every fourteen and three-quarter years. They dis- 



Fra S3 A T)tt\wiN« oi* Saiifkn 


Noie Ihe (jreut b ill witli Im IN und the cuss cioss iniiikings at the equator and 
aKo tho woTiderlni system of imgs I lu outer img has an t xterioi diameter of 171,000 
inilo*d, and is about 10 000 mihs wide Cassini s di\ision, between it and tho middle 
ring, is 3000 mili s widi I h< middle iing has an outi i diiiiia ti i nl 145,000 miles, and 
it IS 16,000 inih 111 widlli Tt is sep ii itod by a mtiiow di\ ision fiom tlu inner, or 
‘crape,* iiiiL', whir h 1 11,100 null wait 

It} }}} n Inf Pt n II III 1 1 lull 

appeared from our vievv in 1907 and 1921, and will be invisible 
again in the year I9,‘9), as shown in the diagram. 

Thougli Saturn when closest to the eartli is still about 800 
million miles away, some wonderful photographs of it have been 
tak(*n. In Fig. 85 are i-eproduee'd thre(‘ from negative's taken 
at the Lowell Observatoiy. They show the phases clearly. 

To th(' nakt'd ('ye Saturn givt's a dull, steady light. Venus is 
so brilliant that no one neetl mistake it. Jupiter comes next in 
brightness and, though much inferior, is still brighter than any 
fixed star. Mars on rare occasions actually outshines Jupiter, 
but usually it is much fainter. Its reddish light, however, renders 
it easy to recognize. iSaturn appears as a first-magnitude star — 
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Fio. 84. Why Saturn’s Rings show Phases 


\s the planet revolves about the sun its rings are presented edgewise to the sun and 
the eaith tuK(‘ duiing its period of twenty iime and a half years. At such times the 
img aie in\ isihit , i \< ept perh.ips in the hugest telescopes. Years when this happens 
(aho tho t n llu lines a])])eui o|ened widest) are indieated m Iho diawiiiL' 


Pig. Sf) PiioToouArirs of Saturn, showing Phases of the Rings 

'Pin so heauliful pliotogiapli^ taken in Fehiuury 1910, Apiil 1921, and May 1922 — 
show Sal HIM with It s lings most spread out, when tinned edge on, and a > ear later, when 
shghti} opened up iNuto C’assini’s rlivisioii and the shadow on the rings cast by the 
'PJtotoqraplih ftf I . C. Sshpher^ LoueU Obsertatorjf 

about as bright as Arcturus or l^rocyon. But it has a yellow 
tinge and does not twinkle. Indeed, none of the planets, except 
Mercury, ever twinkle, unless they are very close to the horizon. 
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Uranus 

For many centuries it was thought that Saturn was the most 
distant of all the planets, and that its orbit formed the outer- 
most boundary of the solar system ; but a startling discovery 
made in 1781 sho^ved that it was necessary to travel out twice 
as far as Saturm’s orbit before reaching the limit of the sun’s 
kingdom. 

On March 13 of that year William Herschel, a professional 
musician living at Bath, in England, was studying the sky with 
a telescope which he himself had made. Herschel had found 
that in order to understand fully the theory of music he had to 
study algebra, geometry, and other branches of mathtunatics. 
From these he was led to study optics, or the science of light, 
and the construction of the telescope ; and, having used a small 
telescope to obser\(‘ some of the objects in the sky, he desired 
to obtain a larger oiu*. He inquin^d the price, but it was more 
than he could pay, and he determined to make one himself. 


Two Kinds of Telescopes 

There are two distiiu't kinds of telescopes. In one a kms is 
used to collect the light from the celestial object ; in the other 
a mirror performs this s(‘rviee. The former is called a refrac- 
tor ; it is the kind you ordinarily see. 'Fhe latter is called a 
reflector, because the light is reflected from the surface of the 
mirror. Now it is much easier to make a mirror than a lens, and 
it was a mirror telescope (or reflector) which Herschel con- 
structed. Indeed, it is quite a favourite exercise for an amateur 
astronomer to make his own telescope, and many good ones 
have thus been made. To grind and polish a mirror demands 
patience and care — and delicate skill too, if a good one is to 
be made. 

Here is a telescope (Fig. 86) constructed by a Toronto lawyer, 
who is seen observing with it. The mirror is in the lower end 
of the tube, and the eyef)iece, into which the astronomer looks, 
is at the other end. The tube in this case is of galvanized iron, 
and it is supported on a wooden ])Ost. I^he largest telescopes 
in the world are constructed on this principle. At the Mount 
Wilson Observatory, in ( California, is one 100 inches in diameter. 
This is the greatest of all. The next in size ^ is at the Dominion 

^ The huge tube of this tclcsiopc is 30 feet long, and 7 feet 0 inches in diameter. 
The upper portion (23 loot m length) is a fiamework of steel. The gieat miiror is 
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Astrophy&ical Observatory, near Victoria, British rohimbia 
(Fig. 87). It is 72 inches (6 feet) in diameter. These great 
instruments are triumphs of engineering skill. They are very 
massive and eomplicated, but they can be handled vc'ry easily, 
and they move with the precision of a watch. 

In Fig. 88 is shown the greatest lens telescope in cMstence. 



Fig A^ Amaim/u am) ms Tlifscopl 


1 b< minor (not a Ions) of the telescopi is at the lowi i end ot tlu sin 1 1 rnolal tube, 
uhit h IS iriniiiitcd on a wood* ii post ith the assistiiin i ot iron pipe s mid non weights 
'llic maker (Mr \ li JJnssard, ot loionto) is obsi rvm^ at tin i\epiece, which is at 
the iippei end of the tula 


It is in the Yerkes Observatory, which is a part of the Uni- 
versity of Chicago, and is located at Williams Bay, Wisconsin. 
The lens is 40 inches in diameter, and the telescojie is about 
65 feet long. 

The telescope which Rersehel y\as using on th<it da> in 1781 
was 6 J inches in diameter and 7 feet long. It w as his custom 
to rush home after a practice or a concert, and spend the 

at the bottom of the enclosed poition It is an immense disc ol glass, 72 indies in 
diameter, 12 inches thick at th» edge, and 11*1 inches at the centie, wheie a hole 
10 me hes iii diameter is I oie'd out of it It weighs 4340 pounds The small mirror 
18 seen at the top of the tube A spcctiogiaph is attached at the lower end ol the 
tube 
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Fitr SS Tin (Jin AT ISn-i \ciinci Teii'Skiil of Tin* Yj-rms Obsjkvaiory 

1 his is tlio 1 11^,1 st lojis t< lost opo III i xislt HOP I }u ill mil tti of tJie 1< n*' ib 
10 iiulu s, iiiul its focal liiigtli Is 62 fitl 
Photojraph by Loss, 1 erkis ObseritUory 

How Uranus was discovered 

As he was examining star after star in the constellation 
Gemini (the Twins) he came upon one which looked peculiar. 
In a good telescope a star appears simply as a bright point, 
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but to liis sharp eye tliis'Joiie looked larger — like a tiny disc. 
Ho tried eyepieces of higher power, and the disc look(‘d larger. 
A fixed star docs not behave in that way, and so he decided it 
could not be an ordinary star. A few days later he examined 
it again, and it had moved among the stars. He concluded 
that it was a comet, very far oil and without a tail. The idea 
that it was a ])lanet did not entei* his mind. 

After a few months it was proved to be a planet, and the 
name Uranus was at length given to it. 

King Oeorge 111 knighted Hersehel, gave him a ptMisioii, and 
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Till] KAinji 

Tho (luiTiu lois ai(* .‘{2,10(1 miles jiful 7U18 miles — t.t., in the nitio 4*1 ; 1. 

made him the King’s Astronomer. He constructed many larger 
and lietter telescopes, which were famous all over Europ(\ and 
he devoted much time to observing the heavens. Indei^d, ho 
became the gi’eatest observational astronomer of all time. 

Uranus and the Earth 

Here is a drawing of Herschers planet and the earth on the 
same scale (Fig. 89). The jilanet is 1800 million miles from the 
sun, and its orbit is so large that, though it moves with a speed 
of four and a third miles per second, it requires eighty-four years 
to complete its circuit of the sun. Its diameter is about 92,000 
miles, and so its volume is sixty-six times that of the earth ; but 
the material in it is not nearly so dense as that of the earth. 
It ‘ weighs ’ only fifteen times as much as the earth. 
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Uranus has four small satellites which can he seen only in 
large telescopes ; but though they are so tiny and so far away 
they have been photographed. 1'he four small dots to be seen in 
the picture (Fig. 00) are the satellite's, and their names are given 
iTi the key below. 


Neptune 

Uranus is not the last planet in our solar s^^stem. There is 
at least one more. Its name is Neptune. I anus w'as met with 



Fio. aa. A PiioToGRxrn ot Uram s am) iis Saikiijtks 

riir moons of Uiaiius ait* voiy smnll and cun bo seen oiil\ in .1 Jaip* telo'-tope, but 
tlioy h.ivo boon sui oosifiilly pholoprajibod. The names m\ into Un in are lo lie lound 
III Uio Key. Photoqiaphhy Ltimpland^ ImhiII itbstnntnttf 

almost aecidentally ; Neptune was discovered ))v the mathe- 
matician in his study. 

After Uranus had been observed for some months astronomers 
were able to calculate the size and position of its orbit, and it 
then Ix'came ])ossible to })redict wdiere the planet would be 
found day after day. As the years went by, however, it did 
not occupy precisely the positions assigned to it. It did not 
wander very far from its computed ])ath, but yet far enough to 
make the astronomers wonder, and at last they decided that 
there must be some far-distant body w hich was luring the lonely 
Uranus from the orbit assigned to it. 
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Discovered by Mathematicians 

Two mathematical astronomers, Adams in England and 
Leverrier in France, ))oth without any knowledge of the other, 
undertook to calculate just where the unseen trouble-maker was. 
It was a very difficult j)rohlem, but they both solved it. lliey 
stated just where in the sky to look for the strangtT, and on 
September 23, 1840, an astronomer in Berlin pointed his tclc- 



Kkj. in. Uelative Sizes of nth Pianej* Neiti ne wn 
iiih Eariii 

Tin ditiiin Itis .Ilf :U,()00 111110" ami 71)18 iiiili — i.c., iii llif latio 3 H 1 

scope to the place and found it. 'J'he discovery caused a great 
sensation. 

Neptune is 2800 million miles from the sun. It moves along 
its orbit at the rate of three and a third miles ])er second, and 
requires 104 years to p(3rform a revolution. Thus it has com- 
pleted only half a revolution since it was discovered. Jt requires 
field-glasses or a small telescope to see it. 

Fig. 91 shows a drawing of Neptune and the earth. Nep- 
tune’s diameter is about 31,000 miles, it is largt* enough to 
contain sixty (‘arths, but the matter in it, or its mass, is suffi- 
cient to provide only seventeen earths. 

Discovery of Neptune’s Satellite 

Within a month of the discovery of the planet a little moon 
was detected revolving about it. Though they are at such an 
enormous distance from the earth, it has been found possible to 
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take a photograph of the planet and its solitary satellite. In 
Fig. 92 the bright dot in the centre is the ])lanet, and the little 
dot beside it is the satellite. It is about as far fiom Neptune 
an our moon is from the earth. 



Fl(. ‘U \ I’HdKU.UAril <)1 NiIMINI' AM» IIS 
Sai 1 1 1 ini' 

Tho hiiplit <I(»t is tin pIiiKf, ind t ho taint (d>)M t pist 
left of It IS its moon, whir li, at a rhstanroot J I miJes 
from Neptune, revolves about the planet in 5 <1 21 hr 
Photograph by / ampland I out ll Oh s(n ulori/ 



CHAPTER VIIT 


ASTEROIDS THE NEBULAR lliPOTHESlS- COMIOTS- 
METEORS 

The Asteroids or Planetoids 
K liav(‘ now come to the frontier of tlu' solar 
system, but there are one or two tilings which 
we must consider before we leave' it. 

Let us go back to the wide' sjiaee between the 
orbits of Mars and ffuiuter. When we look at the 
spaces between the orbits of the planets (Fig. 24) 
this one se'ems unnaturally large ; anel eluring 
many ye'ars the belief contmually grew that there 
must be some planets, probably small, reve)lvmg about the sun 
in this wid(' space. At last a number of astronomers united 
themselves into a society which was jokingly named the (Vlestial 
Police, their intention being to hunt for those members of tlu' 
sun’s family which were hiding from view. The first culprit 
was arrested, quite accidentally, on January 1, 1801 ; and in 
the century and a quarter since then more than 1500 have been 
discovered, latterly by photography. In 1920 115 new ones 
were located, and in 1927 90 more. 

The method is as follows. The astronomer points his camera 
to a part of the sky where he suspects that out' of thi'se jilane- 
toids, or asteroids, may be, and he keeps his eami'ra moving 
so that its movement exactly corresponds to the motion of the 
sky. The stars then appear on his plate as round dots. Now 
a planet is continually moving among the stars, and if there is 
a planet among the stars photographed it makes a trail on the 
plate. In Fig. 9J th(*re are two of these short trails recording 
the presence of two asteroids. The exposure was one hour. 

A Family with Fifteen Hundred Members 
The asteroid family has now grown so large that it requires 
much time and labour to keep a record of their doings. They 
are mostly very small bodies only a few miles in diameter. 
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There is but one in the entire family which is bright enough 
to be seen without a telescope. Its name is Vesta, and it was dis- 



Fkt IKi A nnoioaiurii showing Two Astfroid Traits 


'I ln' aslfioids. oi litllo i)laiiot«>, un* eoii(iniialI> iiiuvin^ in lelatiun to the stars* In 
this pholof»iaph tho laineiu was iuo\ed so as to tolluw the stais, tlie images of which 
are t hoi el ore louiicl dots, wliilo tin asU loids make liaiK on the plate. Two are seen* 
not lar hoin tlie (entie ot the photograjih 

Pholtufiayh hr/ fiatHivd^ lirAf? Oh\tnalory 

covered in 1807. Its diameter is perhaps 300 miles, but many of 
them are probably not more than three or four miles in diameter. 
Indeed, some are, in all likelihood, just irregular masses of rock. 
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The Past History of the Solar System 

Before we go any further let us look back and make a general 
survey of the solar system. It will be useful to write down a 
few of the facts we liav(' learned about it. 

(1) The orbits of the planets are all nearly circular and in 
planes which nearly coincide ; that is, the angles between the 
planes are very sniall. 

It is usual to consider the plane containing the earth’s orbit 
(which is the same as the })lane of the ecliptu*) as the standard 
plane of reference. All the other planes of the planets (not 
counting the planetoids) make very small angles with it. 

(2) The })lanets all move in the same direction in their orbits. 

(3) At the ccMiire th(' sun, which controls the motions of the 
planets, rotates in the same direction as that in which the 
planets revolve, and its ecpiator is nearly in the jdane of the 
eclij)tic. 

(4) The rotations of the planets, as far as they have been 
certainly determined, are in th(‘ same direction as their revolu- 
tions in their orhits. 

(5) The satellites of the planets, wdlh very few exceptions, 
revolve about thcMr [ilanets in the same direction as the planets 
rotate ; their orbital planes also nearly coincide w ith th(‘ ecliptic 
plane. 

(fi) I'he cart h and t he sun are composed of the same materials, 
and we naturally supjiose that the other jilanets are also com- 
posed of the same substances, though some of them are in a 
different physical condition from the earth. 

What thoughts naturally arise on ])ondering over these re- 
markable facts ^ First, surely, that all these bodies had a 
common origin ^ 

Man> jK*ople Unv to imagine, or to sjieculate, just how the 
solar system develojied into its prescuit state. From a study 
of its present condition thc\v try to learn its ])ast history. 

How the Solar System came into being 

The first fairly satisfactory explanation of the way this took 
place was the Nc'bular Jlypothesis which was put forth more 
than a hundred years agf). It was imagined that in the long- 
distant past a vast quantity of the thinnest gas — ^in other words, 
a nebula — filled a space extending much beyond the orbit of the 
outermost planet. It was supposed, further, that this gas was 
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at a high temperature and was, as a whole, rotating about an 
axis. What would happen ? 

In the course of ages the nebula would cool down and con- 
tract, and the smaller it became the faster it would rotate. At 
last the sj)(‘ed would become so great that, it is believed, the 
material farthest from the axis would break away, just as water 
hies oflf a motor-car wheel as it rotates. According to the 
theory, the matter which broke away came together by its own 
attractive force and formed the most distant planet. 

The operation did not stop here. The nebula continued to 
contract and to increase its speed, and other portions broke 
away from tin* mass, going to form the other planets. The 
portion wliich was Hiially left became the sun. 

1'his theory can account for some features of the solar sys- 
tem, but it fails in several important matters. In consequence 
it lias be(Mi given up by most astronomers. 

Another theory, ([uit(‘ diffenmt in nature, was jiroposed a few 
years ago. In this case we are asked to believe that originally 
our sun was a simjile, isolated star without jilanets attending it, 
and that at a r(‘mot(‘ tinu' another star in its motion through 
space happened to pass near the sun. WIkui they were very 
elos(‘ th(‘r(‘ would be a tremendous attraction lietween the two 
bodies, and th(‘ sun was drawn out of shajK‘. This caused it to 
burst opcm, and gr(‘at quantities of matt(*r were thrown out 
from it. Hie visiting star, as it moveil away, set tin* sun in 
rotation and caus('d th(‘ throwm-out matter to circulate about 
the sun. From this matter in the course of time the planets 
were formed. ! 

Th(‘ above is the briefest outline of these two theories, but 
the subject is full of di(Iiculti(\s and cannot be considered further 
here. Jt is well to rememlxu*, however, that these are theories 
which can never be jiroved. Usually the astronomer is able to 
build upon the solid foundation of accurate observation and 
exact calculation, and then his predictions can be depended 
upon. 

Comets and Meteors 

(Vmiets and meteors may also be considered to belong to the 
solar system, since they revtdve about the sun, but they do not 
stoj) with us always. Fig. 94 show^s how a comc't behaves. 
When first seen it is very faint ; it is coming from far out in 
space, and is just near enough for us to recognize it. Then as 
it approaches the sun, as indicated by the arrow, it develops a 
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tail and becomes larger and brighter. When it gets to the point 
where it is nean'st to the sun it is said to be in perihelioi}, and 
its tail is usually longest. Then it moves off, always having its 
tail directed from the sun. It gets fainter and fainter and at 
last disappears, probably never to be seen again. 

Sometimes, however, the comets do come back, in which 



Fia 94. Thb Orbit of a (’ombt 


This IS the appoaruiim of u coini t as it romos from the depths of .pace, 

approaches the sun, leiohes pprilielioii and then sweeps off into space again. Jn its 
course it passes near the earth's orbit, and may eome voiy elose to the earth On 
some occasions the earth has been completely eiivi loped in tlio tail ot tlic cornet. 

hraun by /'. s Smith 

case they may very properly be counted permanent members of 
the sun’s family, ^lie one that returns to the sun most fre- 
quently is called Encke’s comet, having been named after an 
astronomer who studied its motions. A photograph of it is 
shown in Fig. 95. It is too faint to be seen with the naked eye. 
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and, as you see, it has no tail at all. It returns once in every 
three and three-teiith years. 


Their Strange Appearance 

Encke’s comet, you will agree, has nothing startling about 
its appearance, but some comets are remarkable objects. In 



Fio. 95. A Photoorafh of Encke’s Comet 


This comet has no bright nucleus and no tail ; it is only a faint, hazy patch in the 
sky. invisible to the naked eye. The exposure for this photograph was 1 hr. 53 min. 
The camera was kept pointed at the comet, which was moving among the stars, and so 
the latter made trails on the plate. 

“PlHttograph by Barnard^ Terkes Observatory 

Fig. 96 is shown one which was discovered by Brooks, an 
American astronomer, in 1911. Look at the wonderful tail as 
it streams away from the head of the comet. 

I 
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Fio 00 A Photograph oi Brooks’ Comet 

This comot whori fiist sotn had no tail, but ns it approached the sun the tail do 
velopr d rapidly, and m time tlu comet bcoime a striking object with n tail JO® long 
Note the delicate strands of the tail as the y stream away l^ength of exposure for this 
photograph, which was taken on October 23, 1911, 1 hr 16 mm, 

P}wi graph by Barnard^ Ytrkci Obserintory 
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Another comet, discovered in 1908 by Morehouse (Fig. 97), 
exhibited some strange changes during the few months when 
it was visible. In the illustration you can see the many filmy 
ribbons of the tail as they are driven backward by th(‘ pressure 


- 


Fia. 97. MoREitousE’s (‘omlt on October 1 (8.45 p -vf.) and 
October 2 (1.18 a.m.), 1908 

Tliosti two phutoprnphs woro tiiken *»n flio saino ni^hl, llip scm oikI one after an iiiter- 
vtil of only foil! and n hnlf hours, but cliiiiigts took place during that time. Olio 

can almost see the tarl stieaming out fiointhf lieadand being diiven lapidU into spare. 
The comet was discovered by Morehouse, at the Yerkes ()l)sci\ atoiy, and o\hibitpd 
many roniurkable changes m shape. 

rhntnqra phalli fiarnanlj Vrrkis OHtrintoni 

exerted by the light from the sun. Indeed, at one place there 
is a great lump, as though the tail had been broken and a large 
portion were flying off into space. 

Halley's Comet 

The most famous of all comets, however, is that named after 
the English astronomer Halley. It returns every seventy-six 
years. It came to the sun in 1910, and will certainly return in 
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1986. Some who read this page may live to hail it when it 
comes back to visit the solar system again. Fig. 98 is a photo- 
graph of this wonderful traveller taken on May 13, 1910. The 
exposure was one of thirty minutes. Notice the peculiar expan- 
sion in the tail. Also observe the bright spot near the bottom 
of the picture. That is the planet Venus, which happened to be 
in the same part of the sky as the comet at that time. Look 
also for a faint straight oblique streak at the right-hand side of 
the comet and one inch from its head. That was made by a 
shooting star. Thus in this photograph there are four kinds of 
heavenly bodies — a comet, a planet, a shooting star, and the 
fixed stars. 


The Nature of Comets 

TIktc is still much that we do not know regarding the real 
nature of a comet. Its volume is often enormous. The head 
may be 100,000 miles or more in diameter and the tail 50,000,000 
miles long, and yet the mass is very small — less than that of the 
smallest planet. That the matter in a comet is very thin is 
proved by the fact that a faint star viewed through the head of 
the comet does not seem to lose any of its brightness. 

In the centre of the head is sometimes seen a bright, star-like 
point ; this is known as the nucleus. It probably contains 
pieces of solid matter widely separated from one another. In 
a cubic mile there is, on the average, probably not more than 
half an ounce of solid material. As the comet approaches the 
sun the heat causes these solid bodies to give out gas accom- 
panied by fine dust. 

The tail consists of very fine particles which are expelled from 
the head and driven away by the sunlight, which exerts a pres- 
sure upon them. J3y comparing photographs taken at short 
intervals, as those in Fig. 97, it can be seen that the matter in 
the tail is moving away from the head. Indeed, in Halley’s 
comet a portion which started from the head was observed for 
over two weeks. When it was 800 miles from the head its 
speed was six-tenths of a mile per second, but when at a dis- 
tance of 8,400,000 miles it was travelling at the tremendous 
speed of 67 miles per second. It is thus evident that a comet 
is continually losing its material, and, since there is no means 
that we know of by which it recovers any, it will in the end 
disappear. 

The spectroscope has shown that in a comet there is nitrogen 
gas, and also the poisonous gases carbon monoxide and cyanogen, 
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Fia. 98. A Photograph of Halley’s Comet 


In this picture we see the records left by four different kinds of celestial objects. The 
great comet, with a portion of its tail appaitintly breaking out and rapidly flying away, 
is the chief feature. Then the bright round object at the right-hand side is the planet 
Venus. Also note a faint straight oblique streak about an inch above the comet’s 
head : this is a shooting star. And the fixed stars cover the background of the sky. 
This picture was taken on May 13, 1910, and the exposure was thirty-six minutes. 

Photograph hy E. C, SKphor, Lovdl Obstnatory 
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but, though the earth has on several occasions passed through 
the tail of a comet, no ill effects were noticed. 


Shooting Stars 

Shooting stars such as that one recorded in the ])hotograph 
(Fig. 98) are familiar to all. Usually there is a faint streak of 
light in the sky, which lasts but a moment and is goiu'. 

These streaks ai-e diu' to bits of matter, perhaps like grains 
of sand, which art' rushing through space and happen to come 
into our atmosphere. Through the friction against the air 
they become white-hot and j)robably burn uf). 

Some persons wonder how a grain of sand can possibly con- 
tinue moving through s])ace with a s])eed of st'Vt'ral miles pi‘r 
second. Jt seems natural for a great planet to do so, but not 
for a wee particle of stone. Remember, however, that out in 
free space, far away from the earth or any other planet, there 
is nothing to stop the motion, and so a body, wh(*ther large or 
small, travels forward unchecked. 

A Great Fire-ball 

Occasionally something bigg(‘r than usual comes along — per- 
haps a rock a foot or more in diameter - and as it ploughs its 
way thnmgh the atmosphere it makes a great display, in this 
case it is called a fire-ball ; and a r(*markable one is shown in 
the photograj)h r(‘produc(‘d in Fig. 99. An astronomer named 
Klepesta, at Pragiu' in CV.ecdio-Slovakia, was taking a long-expo- 
sure phot(3graph of the stars on the night of September 12, 1923, 
when at 11 r.M. a brilliant fire-ball moved across the' sky and 
left its mark upon his plate. 

It fell slowly, like a burning sjdiero, the briglitness con- 
tinually increasing, and it was followed by a train of yellow 
luminous ])owder w'hich lasted for about ten seconds. When 
the fire-ball, as it was seen projected against the sky, aj)peared 
to be near the great nebula in the constellation Andromeda 
(seen at the right-hand side of the picture) it exploded like a 
rocket and lighted up the whole country about. You can see 
the double streak made by the two pieces. 

Other persons also saw this wonderful meteor, and from all 
the observations made upon it it was possible to compute just 
where it was and how it was moving. When the body was first 
seen it was eighty-five miles above the surface of the earth, and 
after travelling fifty-five miles, at the rate or thirty -seven miles 
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Fio. 99. A Photograph of a Fire-ball 


Very seldom has such a brilliuiit lirc-bull boon photoKraj>hod. 'Fho wider portions of 
the trail wore proliably produced by succossivo explosions in the meteor us it sped 
alon^ ihrougli the air at tho rate of thirty-seven miles a second. This photograph was 
taken at the National Observatory of (jzecho -{Slovakia. 

Dictograph by J, Kltptsta, Prague^ Cztcho-Slovakia 


per second, it disappeared at a height of thirty -five miles above 
the earth. Only seven and a hafi miles of its path is on the 
photograph, and at that time its height was fifty miles. 

Fig. 100 shows another fine picture of a bright meteor, obtained 
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by W. J. S. Lockyer, an English astronomer, while photograph- 
ing the polar stars on November 16, 1022. 

Sometimes these bodies fall to the earth, in which case they 
are called meteorites. Many have been found, and can be seen 
in our museums. S(mie are almost solid iron, but generally 
they are of a stony nature. 


Fig. 100. A Meteor among the Polar Stars 

This interesting photograph was obtained at the Norman Lockyer Observatory, 
Sidmouth, Devon, on November 16, 1022. Exposure 2 hr. 14 min. 
Photograph by W, J, 8, Lockyer 




PART III 

THE UNIVERSE OF STARS 


CHAPTER IX 

THK .STARS JN TUKIK SKASONS 

HERE is much y('t to h^arii al)out the solar sys- 
tem, but we cannot longer delay. W(‘ must now 
turn from our own family affairs to look into the 
great celestial world beyond. 

You are all accustomed to studying maps of the 
earth’s surface, and you know that one map may 
cover only a small portion of the country, such 
as a county or a manufacturing district, while 
another may include an entire continent. So it is with maps 
of the sky. Some include large areas, while others take in single 
constellations or j^erhaps even a portion of one. 

There is one thing which you must always remember, how- 
ever. We view the earth from the outside, but the celestial 
sphere is seen from the inside. Its inner surface seems to be 
studded with stars. 



The North Polar Stars 

Let us now study some maps of the sky. Those which we 
shall take up first will cover large portions of the celestial sphere. 
Our first map (Fig. 101) contains the stars which you see when 
you face the north and look upward toward the Pole Star. On 
any clear night these stars can always be seen by a person in our 
middle northern latitude, but they are not always in just the 
same positions. They seem nailed to the sky and continually 
revolving about the pole of the sky, making a complete revolu- 
tion in a day. Their positions vary with the seasons, too. In 
the autumn in the early evening the Plough or Big Dipper is 
seen below the Pole Star ; in the spring at the same hour it is 
above it. 

In Fig. 101 the stars are shown as you see them in the sky ; 

' 187 




138 


OUR WONDERFUL UNIVERSE 


oil the opposite fiage is a key (Kig. 102) giving th(‘ names of the 
constellations and of the brighter stars. Round the circum- 
ference of th(' key are the names of the months. You notice 
that ‘ Novemlier ’ is at the top. The map as you are looking 



Fia. 101. The eiuniMPOL^R Stars, as seev in the Sky 

This chart •show‘» tin* positions of tlic North i*ohii Ktais .it tibniit 9 P.M. in Noveinbor. 
Their positions six iiiontlis later will be seen when the ( hart is turnnd upside down. 
In the spring the IMough, oi iJijipoi, is above the Pole in the early evening. 

at it now shows the positions of the stars at 9 r.M. in November. 
To find their positions at the saint* honr in any other month, 
turn the map until that month is at the top. 

The Great Bear and the Little Bear 

The star very near the centre of the map is the Pole Star, 
usually called Polaris by the astronomer. Some distance below 
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it is the L^loiigh, or Dipper, wliieh is ])art of the constellation 
Ursa Major (the (Jn^at Ih'ar). The shape of these objects is 
traced out by seven bright stars. In star maps it is customary 
to demote each bright star by a hotter of the Oreek alphabet ; 



Fin. 102. TO Fin. 101, nivjNn N\mls of tiii: OoNsrLLLATioxs 

1’ho po'jilion's ()1 llu* still .it 0 p.M. (iuiinj' any month is given by hohling tlna key 
so Unit thi3 luiim* ol Iho month is uppermost. 


but in this map only the first two letters, a {alpha) and jS {beta), 
are used, a and B of the Great Bear are named the “ Pointers.” 
They arc about 5*^ apart. If you draw a straight line from ^ 
through tt atid extend it about 30° beyond a it will come almost 
to the Pole Star. 
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The ancient Arabs gave the name Dubhe to a and th(' name 
Merak to They also called the star at the bend of the beam 
of the Plough, or the handle of the Dipper, Mizar. If you look 
sharply you will see near it another faint star. It bears the 
name Alcor. 

The stars in the Plough are said to be of the second magni- 
tude. Inhere are about twenty stars in the sky which are de- 
cidedly brighter than these, and they are said to be of the first 
magnitude. After tluun come stars of the second, the third, 
and other magnitudes. The very faintest stars which you can 
see on a clear night out in the country when there is no moon in 
the sky are of the sixth magnitude. In the city you can hardly 
see anything below th(' foui-th magnitude. 

Before the telescope Avas invented (KiOS), of course, no stars 
fainter than the sixth magnitude were known, but since then 
much fainter ones hav(‘ been shown to exist, and as telescopes 
have incr(*ased in size' fainter and still fainter stars have been 
revealed. The giant instruments now in use will show by 
visual obs(U‘vation stars of magnitude 19, while by means of 
photograj^hy th(\v go down to magnitude 21. It requires 100 
million stars of magnitude 21 to give as much light as a single 
star of the first magnitude — for instance, Altair or Aldebaran. 

Remember that the w^ord magnitude as used here does not 
refer in any way to the size of the stars, only to their brightness. 

Return now to Polaris. It is at the end of the long tail of 
Ursa Minor (the Little Bear). When the stars are in the 
position shown in Fig. 101 the bear is standing on its head. 
Polaris is of the second magnitude. The two stars of this 
constellation next to Polaris in brightness are in the right 
shoulder and foreleg of the animal, and are known as the 

Guardians of the Pole.” The brighter one is of the second, 
the other of the third magnitude. 

Cassiopeia and her Neighbours 

On the other side of the celestial pole from Ursa Major is 
the constellation Cassiopeia. Five of its chief stars form a 
sprawling M, or a VV turned upside down. Three of the neigh- 
bouring constellations are named .Cepheus, Andromeda, and 
Perseus. These names are all well known in the old m 3 rthology. 

According to the Greek legend, Andromeda was the daughter 
of Cepheus and Cassiopeia, who were the King and Queen of 
Ethiopia. Cassiopeia having boasted herself to be equal in 
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beauty to the sea-nyrapha who constantly waited upon Nep- 
tune, the god of the sea, that august person became angry, and 
to punish the King and Queen he sent a great flood upon the 
land, and also let loose a great sea-monster which destroyed the 
people and the animals of the kingdom. Neptune let it be 
known that no relief would bo given until the King gave up 
his daughter to be torn to pieces by the monster. So the luck- 
less lady was taken to the shore of the sea, chained to a rock, 
and left there to her fate. Shortly after this a fine young man 
named Perseus, who was returning home from a wonderful vic- 
tory over the fabled Gorgon, saw Andromeda in her sorry plight, 
slew the monster, set her free, and then married her.^ The 
ancient people imagined that they could trace the shapes of 
these fabulous persons in the stars, but modern observers fail 
to see anything of the kind. 

Between Ursa Major and Ursa Minor is Draco (the Dragon). 
The tip of its tail is not far from the line running from the 
Pointers up to Polaris. Stretching from there th(* long body 
is traced out by a series of comparatively faint stars. As we 
follow along its course we pass over a coil in the body, and 
at last come to the head, which is not far from the constellation 
Hercules. The head is marked by four stars forming an irregu- 
lar four-sided figure. The brightest of these four stars (which 
is the one farthest from Polaris) is denoted by the Greek letter 
y {gamma). As the sky turns about its axis every day this star 
comes almost directly over London, and some very important 
observations were made on it by James Bradley, who was 
Astronomer Royal from 1742 to 1762, the third to hold the office. 

Another notable star in Draco is a, or Thuban, which is mid- 
way between Mizar and the Guardians. Some 4700 years ago 
it was our Pole Star. At that time Polaris was much farther 
from the celestial pole than it is now. 

With a map like this one it is easy to pass from these con- 
stellations to the others and thus to identify them all. Great 
pleasure may be had in tracing them out. 

The Equatorial Stars — The Stars of Winter 

Let us now face the south and study the stars contained in 
a wide belt along the celestial equator. This belt is long, since 
it runs completely round the celestial sphere, and we shall con- 
sider it in four parts. 

^ The story is well told in The Heroes, by Charles Kingsley. 
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We shall begin with the wintc'r stars, as they are the finest of 
all. In the map in Fig. 103 the stars of wintc^r are shown, while 
in Fig. 104 is a key to the names. The straight line across 
the latter is the celestial equator, while the curved l)r()ken line 
is the ecliptic, which, you remember, is the jiath in the sky 
which the sun a})pears to follow. 



Fi«. 103. Thl Winter Siars 


The sun moves (from right to left) along that portion of the 
ecliptic which is shown here during tlu' interval from April 7 
to September 7 ; and midway between these two date's — that 
is, on June 21 — it is at that point which is highest above the 
celestial equator. 

Think of a plane which passes through the celestial j)ole, the 
point directly overhead (the zenith) and yourself, the observer. 
It will also pass through the N. and S. points of the horizon. 
This is your meridian plane. It cuts the celestial sphere in 
a great circle, and this circle is the ohserv€r\H meridian. When 
the sun, or any other heavenly body, is on this circle, it is 
said to be ‘ on the meridian.’ 

At the top of the key-map (Fig. 104) are the names of the 
months. The stars under the* name of a month are on the 
meridian at about 0 p.m. during that month. 

The most prominent winter constellation is Orion, whom the 
ancients represented as a mighty warrior. We shall see his pic- 
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ture a little later (Fig. 117). The three bright stars almost in 
a straight line and about apart are in his belt. They are of 
the second magnitude. Then 8° north of tlu‘ belt is a fine red 
star named Hetelgeuse. It is of the first magnitude. Ten 
degrees south of the belt is a splendid bhu^-white star which 
bears the name of lligel. It also is of the fii’st magnitude. The 



constellfition of Orion is the finest in the entire sky. It is the 
only one which contains two first magnitude stars. 


The Great Dog, the Bull, and the Twins 

Next continue along the belt to the left about 20"" and you 
come to Sirius, the Dog Star, in the constellation of Canis Major 
(the Great Dog). Tt is the brightest star in the heavens. Then, 
following the belt to the right about 20°, you come to Aldcbaran, 
a red star of the first magnitude in the constellation Taurus (the 
Bull). 

Orion is just on one side of the Milky Way. On the other 
side, higher than (tfciat is, north of) and to the left (that is, east) 
of Orion is the constellation Gemini (the Twins). The two 
brightest stars in it arc Castor and Pollux. The former is of 
the second magnitude, the latter of the first. Travelling from 
Castor through Pollux and swerving a little toward Orion, you 
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reach Procyon, a bright, first-magnitude star in Canis Minor (the 
Little Dog). Some distance to the left of the line joining Pollux 
and Procyon, and forming a great triangle with these two stars, 
is Regulus — ^in Leo (the Lion). Regulus is also a first-magni- 
tude white star, and is almost exactly on the ecliptic. Regulus 
and five more stars in Leo form the Celestial Sickle. 



Pig. 105. The Spring Stars 

The other stars on the map can easily be located in the sky 
by working from those which we have spoken of. 


The Stars of Spring 

In the next map (Fig. 105) we have the stars of spring. Their 
names are given on the key-map (Fig. 106). 

In March the constellation Cancer (the Crab) is in a good 
position to bo seen, but it has no bright stars in it. About 
half-way between Pollux and Regulus is a cluster of stars which 
is named Praesepe (the Beehive). It is interesting to try to find 
it. On a dark night it looks like a small, nebulous cloud, but 
an opera-glass or a small telescope reveals a host of separate 
faint stars. It is a coarse cluster, and we shall see a picture of 
it later (Fj^. 135). 

In April and May Virgo (the Virgin) is easily located. It 

contains one bright white star named Spica, which is near the 
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ecliptic and about 10° south of the equator. This star Spica is 
a very great sun. According to the best measurements, its 
distance is 360 light-years — that is, light takes 360 years to come 
from it to the earth. We see it as it was 360 years ago. We 
receive from our sun many million times as much light as we 
do from Spica, but that is simply because the latter is so much 



farther off. Indeed, if it could be placed at the same distance 
. as our sun it would give us 3000 times as much light. 

But the most notable of the stars which come to us in the 
spring is Ai’cturus, the chief attraction in the constellation 
Bootes (the Herdsman). This is one of the first stars to which 
a name was given, and it has been an object of interest and 
admiration from the earliest times. It is mentioned by the 
Greek poet Hesiod, who lived 800 years before Christ. 

On March 1 Arcturus rises in the east at about 8 p.m., and as 
it rises four minutes earlier each evening at the end* of the 
month it comes up as the sun goes down. At that time it is 
visible all night long, and is a prominent object even when the 
moon is full. 

Arcturus is 41 light-years from the earth. It is called eb fixed 
star, but careful observation of its position shows that it is 
moving on the celestial sphere and that its speed is 85 miles 
a second. Yet, on account of its great distance, it will require 

K 
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SOO years for it to l)e displaoed the width of tli(‘ moon. In 
very recent \ears its diameter has heen measured. It is 
25, 000, ()()() miles — thirty times our sun’s diameter- and it ^ives 
out 105 times as Jiiucli li^ht as the sun. 

IVrhaj)s a on will recall snnw of these remai'kable facts wlien 
next you ^azi* into the face of Arcturus. 


The Stars of Summer 

We now' come to the stars of summei* (Figs. 107, lOS). One 



Fig. 107 . Tiir. Si mmek Siaks 


of tlie constellations seen at this seasoji is Lvia (tlie Lyje or 
Harp), and though small it has sonu' very int('resting h^atuies. 
This is th(‘ lyre on which, according to ancient myth, Orpheus 
played such sweet music that the wild beasts became tame, and 
the rivers, trees, and rocks moved tow^ard him. Ry it also he 
so softened the stony licarts of the ket'pers of the lower world 
that they i)ermitted his dead wife Eurydic(‘ to return to earth 
with him. After his death Ins lyre was ])laced in the sky. 

The gem of the constellation is Vega, a splendid blue- white 
star. In the middle northern latitudes it is almost overhead 
in the early evening at the })eginning of August. Of all the 
stars visible in the northern heniisphere Sirius is the l)rightest 
and Vega is next, though it is followed closely by Arcturus and 
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Capella. Vega and five other stars form a little equilateral 
triangle and a ])arallelograin, which are easily recognized. 
Between the two stars of the parallelogram farthest from Vega 
the Ring Nebula (Kig. 125) is located, but it cannot be seen with 
the naked eye. 

It has been proved that our whole solar svstem is moving 
through space at the rate of 12 miles per second, and that its 
course is directed toward the constellation L\ra. 

East of Lyra is (Vgnus (the Swan). It is sonK'tinies known 
as the Northern Cross since five prominent stars in it trace out 



a distinct cross. The Northern (Voss is in tlu' midst of a bright 
portion of the Milky Wav. Th(‘ star at the head of the cross 
is calk'd Arided (or i)en('b). It is one of tlie most remote of the 
bright stars, being ])robably over (UH) light-years distant ; and 
it gives out, it is believed, 10,000 times as much light as our sun. 
l^he star at the foot of the cross is named Albireo. 

Between Lyra and BoOtes are Hercules and (^orona (the 
Oown). In Hercules four stars, not very bright, form a 
Flowerpot or a Keystone. In one side of the ‘ pot ’ is a faint 
star which you can just see with the naked eye. in a small 
telescope it looks hazy, and you hardly know what to think 
of it. In a large telescope it looks like a magnificent cluster 
of jewels. There arc photographs of it elsewhere in the book 
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(Fig. 135 and frontispiece). Arcturus is still a fine object in 
the sky. 

Down near the equator is Altair in Aqiiila (the Eagle), and 
much farther south is the rod star Antares in Scorpio (the 
Scorpion). This star is believed to be four hundred million 
miles in diameter ! 


The Stars of Autumn 

Lastly let us look at the autumn sky (Figs. 101), 1 10). 



Fro. 100. Thl Ai riMN Stars 


Lyra and (Jygnus can still be seen, somewhat west of the 
zenith — the point in the sky directly overhead. High in the 
southern sky is Pegasus, the winged horse ridden by Perseus 
when he went out to light the fierce monster which intended to 
destroy Andromeda. ^J'here are four bright stars which form 
the Great Square of Pegasus. Actually one of these is in the 
adjoining constellation of Andromeda. It bears the name Al- 
pheratz. The two other chief stars of Andromeda are named 
Mirach and Almaach. These three are nearly in a straight line. 
The Great Square resembles the body of a kite with the three 
stars of Andromeda as tail. Indeed, the tail may be extended 
to Marfak, the brightest star in Perseus. About 10° west of 
Mirach (near the letter E in “Andromeda ” in Fig. 100) is a 
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wonderful object known as the Great Nebula in Andromeda. 
We shall have a photograph of it later (Fig. 121). 

To the east of Andromeda is Perseus, which contains a re- 
markable star named Algol, an Arabic word for “ the Demon.’’ 
’Phis star is usually as bright as the Pole Star, but every sixty- 
nine hours it loses three-fourths of its light, and in a few hours 
recovers it again. It does this with perfect r(*gularity. In 
this star are two bodies, a bright one and a dark one, revolving 
about each other. During every revolution the dark one comes 
in front of the bright one and shuts oil three-fouiths of its 



light ; but as soon as the partial eclijise is over the bright one 
shines as usual. 

About 45"" southward from Algol is a star in Cetus named 
Mira. Now inira is the Latin word for ‘ wonderful,’ and a 
wonderful star it is. Usually it is too faint to be seen with the 
naked (\ye, but every eleven months it becomes almost as bright 
as the Pole Star. No satisfactory explanation of this star’s 
behaviour has been given. 

Still farther south is seen on October and November evenings 
a white star in Piscis Australis (the Southern Fish) which bears 
the name Fomalhaut. It is so far south, being 30° below the 
celestial equator, that it is above the horizon only a few hours. 
There are no bright stars near it, and so it is easy to identify it. 


(^HAPTKR X 


TJiK \r.MHioH or Tirr stars ; their distances— 

TJIE XERDLE 
The Number of the Stars 

HKN, out ill tho country and away from the city 
lights, vou .stand undtu* the open sky on a ])er- 
fetdly (*lear moonless night, the stars seem count- 
less in number. But arc they really countless ? 
One way to test this is to choose^ some definite 
area of the sky, such as th(' Bowl of the I)i])per 
or th(‘ Square of Pegasus, and actually count 
th(‘ number of stars in it. You will find there 
are comparativ^edy few. 

The stars visible to the naked eye hav(' been counted by 
several astronomers, and the number is about hOOO. Now one 
can see only half of the (*elestial sphere at any time, and hence 
about half of this number, or ROOD, will b(‘ above the horizon 
at any moment. Also, the }iaz(' in the atmos])here near the 
horizon always prevents the faint stars there from being seim, 
and so it is piobable that not more than 2000 can b(‘ seen at 
one time by the unaided eye. Jn a city, where the lights of 
the streets and houses add to our difficulties, it is doubtful if as 
many as 1500 can be seen at once. That is far from countless ! 

A simple opera-glass enables one to see at least 100,000, while 
our largest tidescopes show probably more than 100 million, 
and long-ex]JOsure photographs reveal many more. There is 
certainly an enormous numbcT of stars, but not an infinite num- 
ber — that is, a number which cannot be calculated. 

Stars seen with the Naked Eye and with a Telescope 

About seventy-five years ago a German astronomer, Argel- 
ander, made charts of a3l the stars north of the celestial equator 
which he could see with a telescope 7 cm. (approximately 2| in.) 
in diameter. There were 324,198 in all. In Fig. Ill is shown 
a portion of one of his charts. It covers an area 8° square, and 
includes 1442 stars. The two small squares in Fig. 112 show 
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the stars wliieh can t)e seen in the same area with the naked 
eye. In the right-hand one are those which can be seen on a 
clear, moonless night if you are out in the country — twtmty-four 



Frcj. 111. Staks .seen with a Small Tkle.scoi»e 


This is .1 portion of ono t»f Iho faiiioiis star-i*Juirls imikU' by Arp'huuh'*!’, a (lOnnHii 
list roiioi nor. It show's all tho stais \isible iii this part ot the sky with a 2 J -inch telo- 
seopo. it coin])! ises llie norlheily portion ot Oiion, the thiee hi ifiht stars in the ^lant’a 
belt bcMiij^ s(M*n at the bottom. 'I’his portion is 8 sipiare, ainl hence the area is (14 
sqiiiin' (le^'ives.i contains 1442 stars, an uveragi* of 22^ to a square decree. 

stars. In the left-hand out are those wl^eh ean be seen out in 
the country if the moon is full, or in the city with its bright 
lights in the street and houses — only eight stars ! In Fig. 113 
is shown a photograph of this same part of the sky. The white 

^ A square area ut the sky with sides 1'" in length is a square degree. 
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frame marks off the area included in Fig. Ill, and it is simply 
impossible to count the stars which are in it. Notice that the 
sky all about here is filled with a nebulous haze. 

The stars in these pictures are those in the Belt of Orion and 
in the space just north of it. The three stars in the Belt are 
at the bottom. It is interesting to pick out those stars in Figs. 
Ill and 1 13 which can be seen with the unaided eye. 

In some parts of the sky the stars are much more numerous 
than in others. This is especially marked in the Milky Way, 



Fig 112 Tiik Same Area oj tub Sky seen whit ihi- Naked Kye 

Those two httio squares show the stois which can be seen with lln naked e>o in the 
same space as covered by Kig. 111. Kight thosi seen in the rountry on a clear, 
moonless night — twenty foiii star*. Left those sicn in the »ity with its artifii lal 
lights or in tho country at full moon — eight slais 

the faint band across the sky which has been rcferied to already 
and which is familiar to all. 


A Picture with Half a Million Stars in it 
In Fig. 1 14 is shown a portion of the Milky Way in the con- 
stellation Sagittarius, which is south of the equator. The 
original photographic plate was 14 by 17 inches in size, and on 
it some 2,000,000 stars were recorded ; on that j^art of it in 
Fig. 114 there are 500,000 stars. 

In Fig. 115 is another portion of the Milky Way. The stars 
at the centre seem packed together so closely that they form 
a white cloud. Note the two bright streaks — one at the top, 
the other at the bottom. They were produced by two shooting 
stars which happened to come along while the astronomer was 
taking his long-exposure photograph. 
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Some of the Constellations — The Nebulae 
We have aln^ady learned how to pick out the constellations. 
Let us look at a few of them more closely. 





♦ 


Fig. 113. a PHOToouAni of the Stars shown in Figs. Ill, 112 

This IS a photograph of a part of the eonstollutioii of Oiion, taken with a lens 
designed by Ross, with a diameter of 3 inches and focal length of 21 inches. ^ The 
exposure was five hours. The urea within the white frame is the same as that in the 

E revioiis cases. It is simply impossible to count the stars surely there nre'200,000 at 
>ast ! Notice also the nebulous matter which seems to fill much ot this constellation. 
The bnght'star half an inch from the bottom and an inch fiom the right-hand edge 
IB Kigol. rhoto<jraph bi/ F, h, Yerkt^ (>b tnaXory 


The Great Bear 

One of the best known is Ursa Major (the Great Bear). In 
Fig. 116 the stars in this constellation visible to the naked eye, 
and also the animal as the ancient astronomers pictured it up 
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Fio. 111. A Thotoguaph showing Half a Million Stars 

Tho portion of tlu* Milky Wtiy covered by this photo^raph is in the oonstelltilion of 
Sai^ittiirius. The SI /ooi tho tiri>?inal negative was 14 by I7iiiehes. It cover'd an area 
of 66 square degree'^, and each of these eontuined about 46,000 stais, or a total of over 
2,000,000 on the entire plato. The present pietuio is a portion of tiio oiiginal, co^ers 
about 22 square degrees, and contniiis oxer 600,000 stais. 

llanard Obsen alary Tphotoqraph 

in the sky, are shown. Anyone who can sec the form of a bear 
in these stars must have a lively imagination. 
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Kia. 115. Star Clouds in the Milky Way, with Two Meteors 

This dense st ar cloud is in the southern part of the con>teIhit ion Aquila. The phot o- 
grapli was taken on Mount Wilson, California, witli the U-ineh Ilruce teleHcope of the 
Yerkes Observatory. The exposure was 2 hr. 40 min. Note tlio two bright trails 
made by meteors wiiich came along during the long exposure and left their marks on 
the photographic plate. 

PhoUtgmph by Barnard 

You notice that the Dipper, or Plough, is only a small part 
of the constellation, the handle of the Dipper being the tail of 
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the Bear. Why the l^ear is represented with a long tail it is 
impossible to say. 



Fio. 116. Tiir OoNSTUT AnoN Ursa Major (thj Ori \t Biar) 


The animal diawii is tli( ancient astfunoiiicis ini i^incd tlu y could see it J lie 
Plough, or ihppui. is only a srn U1 jiail of tho < oiisti llaliori A scaltiicd gioup of 
small stars is at the bond of th< boat, while pans ot stais rtiaik out thioe of its paws 
Tho two outer stais of tin bowl ’ aic the Pointers Tho iippi i ono (as seen in the 
pioture) is called Dubhi , the othci Meiak "I he stai at the bond ot the handle is 
Mizar. and the little stai v( ii< ai it is Alcoi, ** the iidei on his horse ” 

Orion 

In the case of Orion (Fig. 1J7) the gieat giant seems to fit in 
among the stars somewhat better. Notice the three bright stars 
in the belt from which hangs his sword. There are many fine 
stars in this constellation. The brightest is Rigel, which is pearly 
white. It is in the giant’s left foot. It is 540 light-years 
distant, and gives out, it is estimated, 17,000 times as much 
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light aa our sun. Bctelgeuse is next in brightness, and is 
orange red in colour. It is in his right shoulder. 

In recent years astronomers have succeeded in measuring 
the diameter of Betelgeuse, and the result is astonishing. 
The diameter is 240 million miles ! If the whole solar system 



a , IcR/D/iHUS 

\ ! ^ • \ ■ i 


Fto. 117 The (\)nstellation ()rh)n 

()i Kill is tho (iiK st l•o 1 lsUllatlon in tlic bky Tin' gi.mt stands with his club ready to 
dii\e bm L tin Hull In Ins iiirht shuuldei is tho^iaiit rcil slai Hcti'lptMiso, 240,000,000 
fillies 111 duiiiM ioi In Ills h ft liiind he Jiold up (ho lion skin, (laceii out by a curving 
hue ot stais In Ins ]< ft shiiuliler is tho white stai Ih Ibilii\, and in Ills loft foot is tho 
blue white si ai llig« l,.i gn'at sun 17,000 tunes as hnnmous .is om sun. Vote tho three 
stais in tho Ih It in u st raighl line <iiid about 1] apiit. I Jiey me soinet lines known 
as tho “ Fdl and ard ” 

could be carried away and placed with the sun at the centre 
of Betelgeuse the earth would be 30 million miles within its 
outer surface and Mars would move along the surface of the 
star ! But remember Betelgeuse is coni])osed of thin gas. 

The white star in Oi’ion ’s left shoulder is Bellatrix. ^rhree stars 
are in his left jaw, while some ten stars in a curved line trace 
out the lion’s mane which he holds as a shield on his left arm. 

Note the little circle on the sword. This shows the position 
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Fio 118. The (Irkat Nebula in Orion 

This uondorful oVjjoi t is in the* sword liaiiRing from Orion’s lielt, «t tho pl.n o iiiaikod 
by ii little Clide in 1 m>t |17 'I’he dark markiiiKs shown in this him photograph are 
probably clouds of dust obscuring the bright surface liehmd them. The nebula is 
believed to be at least bOO light years distant . This pliotograph was taken on Novem- 
ber 19, 1020, with an oxposuie of three hours. 

Photograph uxth 100 inch trUxwpt, Mount WtUon 
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of a remarkable ol)ject. With the naked eye it looks like a 
star, in a field-glass it looks like a hazy spot, but in a large 
telescope or in a good photograph it is simply wonderful. In 
Fig. 1 18 is a picture of it. 

This object is called the Great Nebula in Orion. Nebula is 
a Latin word for ‘ cloud.’ This nebula has no regular shape, 



Kn;. 119. Thr Constbilatton Tmircs (the Bclb) 

'I’lir l)( Mst IS doHii upciu Orion. Tii its '•tar 

Mdi'liiiinii 'I'his jMiplit,\ siiii !•. ill I y SI* V 1*11 liplit-jyiMis a\\<i>.i*^ »t‘ieiliiip from oui 
systiMii at Iht' i.ito ot fit inilos ])oi second, and it lius a diaiiietci of IJlJ million miles*. 
It is the chief star in llii' V-^liajicd proup called the H^adc**. 

but spreads out in all directions in gieat curved sheets and 
irregular masses. What is it mad(‘ of ? There is mu(*h hydrogen 
gas in it, and also much gas of a sort not yet fully understood 
by our earthly chemists. 


Taurus 

You remember Orion had a big club in his right hand. He 
has it drawn hack ready to defend himstdf from the great Bull 
which threatens to charge him (Fig. 119). Notice the large star 
just at the Bull’s right eye. That is Aldebaran. On the Bull’s 
neck is a little group of six stars. It bears the name of the 
Pleiades. These stars have been observed in many widely 
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separated countries for thousands of years. From the earliest 
times they were used to regulate the calendar and to deter- 
mine the times of religious feasts by the natives of Peru, India, 
Australia, Egypt, and many other countries. 

Though the individual stars are faint and not easily seen, the 
group is conspicuous and at once attracts the attention. It is 
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Fio. 120. The Consteilation Andhomeda 


This oon«itella(ion is rt’co^(niz«*(i by its throe stars almost in a straight line, 

a (op Alpherat/.) is at her head, fi (Miinrh) is at the left side of her waist, and y 
(Alrnaach) is it the edtje of her skiit, near tlio left toot. The cirele at the right side 
of tho waist shows the position of the (treat Mebiiiii. Just to the north is Cassiopeia, 
tho mother of Andromeda. Also note tho Triangle pist bclon. 

well seen in the autumn, as it rises in the* east, or in the spring, 
as it sets in the west. We shall have some photographs of it 
later (Figs. 1311, 134). 

Tennyson has, in Locksley Hall, a vtuy striking and true de- 
scription of this famous little group : 

Many a night I saw the Pleiads, rising thro’ tho mellow shade, 

Glitter like a swarm of fire-fiics tangled in a silver braid. 


Andromeda 

Here is poor Andromeda chained to the cruel rocks (Fig. 120). 
The bright star near her left ear is Alpheratz, the one at the 
left side of her girdle is Mirach, while Alrnaach is at the edge of 
her skirt. About 10° above Mirach, near the right side of her 
girdle, there is a little circle. This marks the position of another 
of those strange nebulae. In Fig. 121 is a photograph of it. This 
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Fig. 121. The Great Nebula in Andromeda 

This may clearly bo seen to be a nebula with the nuked eye, and il is a fine object 
in the telescope, "it is 3® across -six times the diameter of the moon. Its distance 
IS estimated to be 850,0ii0 lij(ht-years, and its> diameter 45,000 hght-ycais. It is per- 
haps as large as our entire Milky Way, and may be an “ inland iini\erse ” by itself. 
The separate stais apparently scattered over the nebula are in iront of it. Thia 
nebula is a spiral, seen obliquely. It was photographed with the 2-foot reflector, with 
an exposure of four hours. 

Pfintoqiaph hy lUUhev. Y tries Olseriatory 
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is the Great Nebula in Andromeda. It is the only one which 
can be recognized as a nebula by the naked eye. This famous 





Fio 122 The Spiral Nebula in the Triangle 

This IS a faint object, and its leinarkable shape and beauty can be revealed only in a 
photograph It is a spiral seen full face. The nebulous patches in the arms are inter- 
mingled with stars , indeed, it is believed that the nebulous niatUi is condensing to 
form stars. It is about as distant as the Andromeda Nebula, and its diameter is about 
15,000 light-years. The photograph was taken with the 60-inch leflector, with an 
exposure of eight and a-half hours. 

rttotograph bv litlcftry. Mount Wilton Ob^enatory 

object is well placed fox observation during the evening, in the 

eummer in the east and in the winter almost overhead. In 

a fleld-glass it looks like an oval patch of bright cloud, and 
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its true beauty and magnificence is revealed only by photo- 
graphy. This is a fine picture of it. 

Is this nebula also composed of gas ? The spectroscope says 
no. Indeed, there is reason to believe that it is simply a multi- 
tude of stars, and that it is probably as large as our Milky Way, 
but so far away that it looks like a littl(‘ cloud in the sky. It is 
approacdiing our system at the rate r)f 200 miles per second. 


The Triangle and its Nebula 

Just next to Andromeda is a small constellation named the 
Triangle, which contains another famous nebula. This nebula 
is shown in Fig. 122, and is a lovely spiral. Here you can see 
the central nuclein and the two arms running out from opposite 
sides of it. It looks much like a (Catherine- wheel spinning round 
and throwing off sparks Surely this nebula is rotating ! And 
how long will it require to turn completely round { About 
1(U), ()()() years ! 


Other Spiral Nebulae 

Here is another fine spiral (Fig. 123). It is in the constella- 
tion Hunting Hounds, and is not far from the end of the handle 
of th(' Dipper. As before, there are two arms staiting out 
from the great ccuitral nucleus and winding themselves about it. 

This nebula cannot b(‘ seen with the nakerl eye, and through 
even a good telescope its form cannot well be made out. But 
what a beautiful object the photograph shows it to be ! This 
one also lias been examined for motion, and its period of rota- 
tion has been given as 45,000 years. It is moving as though 
to wind up the arms — the top is moving to the right — ^the 
reader’s rigJit as he looks at the illustration. 

We arc looking directly at these last two spirals. The nebula 
in Andromeda is seen with face turned somewhat from us, but 
Pig. 124 shows a spiral with edge turned toward us. In this 
position it looks quite tliin. The nucleus, we see, is nearly 
spherical, and the dark streak down the middle is the very edge 
of the nebula. Hliplier, at the Lowell Observatory, has shown 
that this nebula is moving away from our system at the rate of 

625 miles per second. 

There arc thousands of these spiral nebulas in the sky all at 
immense distances. They seem to be the common typejfbf 
nebula. The thoughtful mind cannot but wonder how they 
were made and what they will become. 
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Fru 123. Tm ‘ Whiripool* Mlbul\ in hie Himimj Holnds 

A farnuiis spinil lookud ul directly. Note the bright central nucleus with the two 
arnis tunning out fioiii opposite sidi s of it. Those are composed of nebulous mattei 
and stars flio spiial natuie of this object was hrst detected in 1845 by the Earl of 
Kosse in his tainous b foot reflector . but not until photographs of it were taken by 
modern telescopes did we find out the details of its structure. 

Photograph bu Uumasun^ 100 nuh hlenope Mount II tl'ton Obsenutory 
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Fjq. 124. A Spiral Nlbi i.a bhh^ Kdgl on 

this stiaii^t ohjoct IS iii tin* iiicoiispii iiuii'- cuiistcllalioii known as Ueioince’s Hair, 
betwHi'ii Bool os and Leo The photogiuph shows it to bo a spnal nebula viewed 
edgowiso Note tin biight niieleiis which is CMdontly shaped like a hall. The 
daik band thruiigh il is without doubt the edge of the nebula, oi one of the aims in 
front ot the blight nucleus. The photograph wub taken with the bO.inch reflector 
and the exposure was five hours. 

PMograph by RtUhey^ Mount XiftUon Ob^nnatory 
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Other Kinds of Nebulae 

There is another stylo of nebula found in Lyra (the Harp) A 
small telescope shows its shape very well, but a photograph 





Fio 12.) Tab Ring Nkbula in Lyra 

'I his m hiilti Is ht'tuoeii tin stars p and y of Lyin, and uiii bo soon with n small 
telescope Lht cciiliid stai which is so pioiiiiiiont in (ho photograph is oxtieniely 
faint visually, and can haidly bo soi n in a 2 foot tcloscopo. Tho avorago distance of 
these bodies is piobably about 100 light yoais Iho nebula shown in this photograph 
would almost certainly cover an area gieatoi than tho cntiro bolur system. The 
photoginph was taken with the 6 foot reflector of the Dominion Abtroph> sical Ob- 
servatory, Victoria, British Columbia, and the exposuio was thirty minutes. 

Photograph by Plankett, Vutona, British Lolumbia 


reveals it much better (Fig. 125). It is shaped like a ring. Other 
ring nebulae have been discovered, but none as fine as this one. 
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Fig. 126 . The “ Network ” Nebula in Cyqnus (the Swan) 

ThiH irregular filamentary nebula ib in the midat of the Milky Way. It is probably 
several bundled hght*years away, but not so distant as the spirals. Not far from 
this nebula there is another of the filamentary type, and photographs leveal the 
existence of much extremely faint nebulous matter in the space about them. This 
photograph was taken with the 2<foot reflector, with an exposure of three hours. 

Photognph by Bit/chey^ Ttrket Obiervatory 
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There are many other strange nebula*, but at present we shall 
look at only one more (Fig. 126). It is named the “Network 
Nebula, and is found in Uygnus (the Swan). It looks like filmy 
laee blown about by the wind, but you must remember that 
W'here this nebula is located there are no air-currents such as 
we have on the earth. 



Fu 127. ‘Thf ^VI^(,s oi riiL MoK^I^(, ” 


1 Ik lifflit tioiii (Ik >.1111 streHiiiiii^ IIiiou^Ii tin i)]umiiii^s lu ( w t c 11 1 lie ( loiids tit 

thf* ht)U/oii jjKidiict s tin fan shape d syste m ol siinln iins sli<»u n 111 this lx huIi- 

ful putiiu. Ihpj au iiiidoiiht* dl> (In >Miigs ol tlit inuiiiin^ leleiied U) hy the 
J 'sal 111 1st nhotmjtaph hy JtallnHU nfln/ttrU 


The Distance of the Stars 

Up to the present we have said little about the distance 
from the earth of the stars and nebula?. It is only m recent 
jears that we hav(* been able to find out just how far they are 
from us. Measuring their distances is about the hardest task 
the astronomer has to undertake. It requires the utmost 
skill and patience and care — all because the stars are so far 
away. 

We have learned that the sun is 93 million miles from the 
earth, but that means little to the ordinary person : and when 
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\ir find out that the nearest of the stars is :272,0()() times as far 
awa^ as the sun, we are simply lost in the figures. 

I^rt us try another way to aj)preeiaie what this means. 

“ The Wings of the Morning ” 

In the Bible there are manv beautiful po(‘tie phrases, or 
figures of sj)eeeh, and one of the most stiiking is to lx* found 



Kui. I2H. 1 <Ymn« into un Si \sli 


I liifi u nai tiiiH lakrii at ('amp Uonli ii, Oiitiiiio Ft liliistiatos virll 

lli( tciiiiiliai pli( JioiiM noil l\llo^\1l as tlu> sun diiiw iii^ w ilt i w lin li is pioduced liy 
tin* sun’s lajs ptissiii^ IFiioukFi openings m tlie tlouds, uid is ^.imilai to ‘ llie wings of 

tlie nioriiiiig.” 


in Psalm e\x\i\: “ Jf I take the wings of the morning, and 
dwell in the uttermost parts of the sea ; even there shall Thy 
hand lead me, and Thy right hand shall hold me.” 

Now what is meant by “the wings of the morning’’ ( The 
photograph in Fig. 127 explains this very w^ell. Just as the sun 
rises above the eastern horizon its beams shine upon the elouds 
and pass through the spaces betwwn them, painting them in 
glowing colours and producing the straight streamers which we 
see here. These are “ the wings of the morning.” You no 
doubt have often seen something similar in the afternoon in the 
western sky. Tlie phenomenon is then often described as ‘ the 
sun drawing water ’ (Fig. 128). 
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To “take the wings of the morning” then niust mean to receive 
the power of travelling through space with the speed of light. 

And how great is that ? Though it is extremely high, this 
speed has been measured accurately. Tt is 186,284 miles per 
second, or about eleven million miles per minute. 

We think sound travels very quickly, but it takes five seconds 
to go a single mile, and to go round the earth would take thirty- 
six hours. Light, however, can encircle our globe seven times 
in a single second. 

Suppose then we are suppli(‘d with “ the wings of the morn- 
ing ” and, thus equipped, make an extended trip through 
space, travelling with the speed of light and visiting some of 
the wonders of the universe. 

Let us start at the sun, the centre of our system. In three 
and a third minutes we should reach Mercury, in six minutes 
Venus, in eight and a third minutes the earth, and in thirteCp 
minutes Mars. Then we move on to Jupiter, Saturn, and 
Uranus, and after four hours from starting out we reach Neptune. 

We are now on the outskirts of thf‘ solar system, and wo look 
round us in order to choose a suitable star to visit. 

Wc might suppose Sirius to be the nearest, since it is the 
brightest ; but, perhaps remembering that an astronomer on 
the earth had stated that a star in the southern skies named 
Alpha of the Centaur was the nearest star to our system, we 
start for it. 

We go forward a full day ; it seems no brighter, it looks just 
as far off. We go on for a week, a month — no noticeable change. 
That star must be a tremendous distance away ! We continue 
a year, always rushing forward at the rate of eleven million 
miles every minute. We are certainly getting closer, since it is 
almost twice as bright as it was at first, but it is not yet as bright 
as Sirius is. 

So we go on for two years, three years, four years ; it is much 
brighter now, but still only a star. But at the end of four 
months more it is very much brighter, and at last we are close 
enough to examine it carefully. 

And what do we find ? It is a great big, brilliant sun like 
our own ! 

So it is with the rest of the stars. They are all suns — some 
larger, some smaller than our sun ; and doubtless some of them 
have planets revolving about them, though of this we have no 
certain knowledge. 

As it required four and a third years to travel to Alpha of the 
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Centaur with the speed of light, we say it is four and a third 
light-years away. 


A Cobweb to a Star 

The late John A. Brashear, of Pittsburgh, the famous maker 
of lenses and mirrors for telescopes, used to tell an interesting 
story. 

In the eyepiece of some telescopes it is necessary to insert a 
very fine thread, or wire, to assist in making measurements, 
and for many years spider-web has been used for this purpose. 
The instrument-maker does not use the rather coarse webs 
which we see on trees or grass covered with dew in the morn- 
ing, hut the fine fibre which the mother spider wraps round the 
little cocoon to strengthen it and to protect the young within. 
This is extremely slender and delicate. To handle it demands 
care and skill. 

One day a workman who had been using some of the web 
weighed a measured length of it on a delicate balance, and from 
this he computed how far a pound of it would reach. He found 
that that weight of web would be 25,000 miles in length, and 
that it would encircle the earth, while ten pounds would stretch 
beyond the moon. 

Dr Brashear then calculated how much would be needed to 
reach to Alpha of the (Vntaur. How much do you think ? It 
would tak(‘ 500,000 tons ! To ship it by railway would require 
a train 150 miles long, drawn by 500 powerful locomotives. 

And that is the distance to the nearest of the fixed stars — 
to our next neighbour among the suns of space. Sirius, the 
brightest of them, is over eight light-years away ; Vega is 
twenty-six, while the Pole Star is 406. And there are many 
beyond that ! 

You see, then, that the sun and its system occupies a very 
small portion of space ; while in all directions, at inconceivable 
distances, are the stars and nebulae. 

It is a grand universe — magnificent, stupendous ! 



CHAVTKH XI 


DARK MAKKIN(;S- 'IHK AATl’RK OF 
THK STARS 

Dark Holes and Markings in the Milky Way 

IlEHP] arc other uoiidcrfiil things \ct to .see. 
Look at the portion of the Milk\ Wav sh(»\vii in 
Fig. 129. In the iiiidciie of the picture is a great, 
(lark, snake-like obje(*t, and a little lower and to 
the left are tw o other dark areas. The stars seem 
to he ah.sent from tliese spaces, and, of course, we 
.should like to know the rea.son whv. 

Two evplaiiations have been offered. I'heie 
are multitud(\s of .stars all round, witli nebulous pateh(‘s among 
them, but it may be tliat these dark spaces ar(‘ actual op(‘nings 
through the star clouds, and that then' arc' no .stars in the,se 
directions at all. Few a.stroiiomers aec(‘pt this \d(*w. I'hey 
think it more probable that there is .sonu' kind of matt('r — 
dust or fiTK', dark mattei’ of .some .sort — far out in the depths 
of space which haf)pen.s to ])e between us and th('.s(' parts of 
the Milky Way and prevents us from .seeing thc'm. i'he few 
odd stars which are .seen in the dark areas are probably .separate 
individual .stars which are in front of the dark niatter — that 
is, they are sonu'what nearer to us than the dark matter is. 

Here is another photograph of the same sort (Fig. 130). In 
it is a remarkable mixture of dark areas, star clouds, and luight 
nebulous patches. The little portion of the sky shown in this 
picture is in the thickest part of the Milky Way. What a wealth 
of strange objects there are far out in space ! 

Another strange combination is to be found in Fig. 131. 
Hero we have a large, bright nebulous area, many smaller bright 
])atches, and several dark areas of different shapes. The large, 
bright object is known as the “Pelican” Nebula. Jt is found 
in the constellation Cygnus, about 2° east of the bright star 
Deneb (or Arided). 

Perhaps the most remarkable object of all is that in the next 
photograph (Fig. 132). in the sky it is found just south of the 
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Ftg 129 . Dark Markings in the Milky Way 


The dm k portions arL^bolioved to be due to ^reat masses of dust ( " eosinie dust ”) or 
other seini -opaque mutter which hides the stars behind it. If a cloud of sueli matter 
1 *^ near u blight star it is illiiininated by the star-light and is faintly seen troiii tins 
photograph it would appear that much of this dusty material is scattered through the 
part of space represented in this picture. These markings are in the constellation 
Oygnus. The photograph was taken with the 100-inch telescope, with an exposure of 
two hum's and foity-five minutes. 

Photograph by Duncan, Mount Wihon Obsmatory 
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Fig 130 A Dark Hoie ix the Milky Way 


In the telescope this spot appear'* perfectly black. The stars apparently seen in it 
are really in front ot the dark matter which produces it The pliotograph was taken 
with the 100 inch tele'>cope, with an exposure of foui hours 

Phutogmph by J>utu:an^ Mount WtUon Obnenatory 


most easterly star in the Belt of Orion. It is known as the 
“ Dark Bay ” Nebula. This great dark mass completely hides 
the stars behind it, and you notice that its edge is faintly 




DARK MARKINGS 


176 



Fiq. 131. The “Pbuoan” Nebula 

The portion o{ the sky shown in this photograph is about 3“ east of the star Deneb 
in Oygnus. The bnght nebulosity is evidently dusty material surrounding the stars 
which lighten it up. The dark streaks and spots* though they look small* are due to 
immense opaque clouds of dust which hide the bright background from us. The 
bright patches are probably due to nebulous matter illuminated by stars within it. 
Puzzle ; Find the pelican. This photograph was taken with the 100*inch tdlesQope* 
and the exposure was four hours and forty-five mmutes. 

Photograph hu Duncan^ Mount WxUon Obtervoiory 


170 


OUR WONDERFUL UNIVERSE 



•# 



Fig. 132. The “ Dark Bay ” Nebula 


This remarkable object is just south of f of Orion, which is the most eagerly star 
\ the Belt of Orion. Note the faint nebulous streak, or band, running down CTe middle 
of the photograph, and dividing it into two parts. In the rightjportion numerous faint 
stars are visible ; in the left only a few stars can be seen. Evidently a great dark 
cloud cuts off the view of the faint stars on the left, those stars which we see being in 
front of' the cloud and seen against it as a dark background. The photograph was 
taken with the 100-inch telescope, with an exposure of three hours. 

r/iot(igrnph hy JJuncan^ Mount Wilson Observatory 
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illuminated by stars in the neighbourhood. Above and to the 
left is a bright nebula. 

Thus we have evidence of the existence of nebulous tQattor 
distributed widely throughout space, mostly in a very rare cOn- 



. Fro. 133. The Pleiades — an Open Cluster 


Siv stars nro onsily seoii on a dark ni^ht. In a 3-meh tolescopn about a liuiulred are 
visible, and a photograph reveals many more. The brigh^Oht star is called AU‘yOA9t 
This gimip is about 300 light-yours distant. Stais down to the thirteenth magnitude 
.no shown in this photograph. Tlie part id thefiume is in Fig. 134. 

]*hototfraph bv Wnllact, I trlt\ Obwiatorif 

dition, though it is denser in some localities, ^’’his matter is 
sometimes referred to as ‘ cosmic dust ’ or as ‘ world stuff.’ 

Now tlie sun, with its attendant planets and their satellites, 
is travelling through space toward the constellation Lyra at the 
rate of ’about twelve miles per second, and it is quite likely that 
during the jiast ages our system has passed, at different times, 
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through some of these nebulous masses. This would un- 
doubtedly cause variations in the amount of heat received by 
the earth from the sun and, as a consequence, changes in the 




Fio. 134. The Pleiades, E^vELOPED in Nebuious Matter 

A long exposure photograph reveals the fact that the stars in this group are en* 
V eloped in nebulous inattei By means of the spectroscope wo Imd that the light from 
the nebula is just the same as that from the star within it, and hence it is concluded 
that the matter suiiounding the star is probably a dark cloud which is made luminous 
by the light fiom the star within it 

Hiotoyrapfi by Barnard^ YtrkM Oburmtory 

temperature of the earth. These elianges may have produced 
the glacial periods shown in the records of the rocks. 

Clusters of Stars 

We have already learned of the little group of stars called the 
Pleiades on the neck of Taurus (the Bull). In Fig. 133 is a 
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FlO 13 /) PR^SEPE (THE BeEHIVE) 

In thm cluster, which w in the onstellation Cancer, the stars are closer together 
than in the Phiades, and they «omii to be separate suns quite free fioni nebulous 
surroundings Photograph by Barnard^ YrrJtes Ob^eriaiory 

photograph of it and the surrounding stars. With the naked 
eye six stars can easily be seen, while better eyerf can see eight. 
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Inciml, very stiarj) eyes have seen fourteen, but a j)hotograpIi 
shows about a thousand. 

On giving a wry long exposure the photograph (Fig. l.‘H) 
l)rings out something else*. It reveals th(* faet that these stars 


Fig. 136 . The Great Cluster tn Herui lks 

IUto tilt' star^ a])j)('ai to Ijp ^athoiod mlo a at j'loho. Tin* -.tais .irp all very 
iiiiiit, hilt the JiuliMilual oiiC'^ (an he seen in this pholo^iaph. Manj tamlei ones an* 
(hriil,\ seen in tlu* hai U^ioiiiid. 'I'liese ^lohiilai eliisteis aie iit iiMineii'^f distanees. 
latiKin^ fioin 21,000 to 230,000 li4]il-;veais. 'I'his ])hoiogia])li w.is taki n with the 72- 
ineh lelesi opeoi the Ooniinion A'^tropliv steal Ohser\ atuiy,('alitoinia. with ,in t‘xposuie 
ot one hour. PhoUuiwph hu Phishtl^ I nUnta^ /intis/i i olm/ihui 

are simply buried in nebulous matter, and, indeed, that all the 
space near them is full of it. 

There are so many things in the sky which the eye alone cannot 
detect — ])robably more than v\e can see even witli assistance. 
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A rluster of stars not quite' so opuii as tlir Pleiades is shown 
in Fig. [‘io. It is calk'd Fra\sepe (Bee'hive). and its position in 
Cancer (tlu' Crab) is shown in the star maps (Figs, loi and 100). 
You can n'cognize it in the sky with the naked eye, but you 
cannot pick out the separate stars. 

'I'he finest clusters arc those in which the stars appear to be 
])acked togctlier into a globular form. About seventy sucli 
globula?* clusters are known. The most perh'ct one in the 
jHM’thern hemisphere is shown in Fig. l.‘h). It is found on the 
side of tlie Flowerpot in the constellation H(*rcules, ami was 
referred to wlu'u we wTre looking at th(' summer stars (p. 147). 
This j)hotograf)h was takc'ii at the great obs(‘rvatory at X'ictoria, 
British Columbia, and the exposure was one liour. 

At the c(‘]itr(' the stars are close together, but yet you can 
})ick out the individual ones. Farther out many fainter ones are 
seen, and if a long c\])osure is given still more come into vi(‘W. 

This is well shown in the frontispiece'. For this photograph 
an exposure of ek'ven hours was given, sf)r(‘ad t)ver three* suc- 
cessi\e nights. The camera was covered during the* daytime 
and then uncovereel again at night. At the centre the star 
image's merge itito one another ; but look fit the multitudes 
farther out. 

H.e)w iiifiny stars do you think there are in this globular 
cluster i An fittemjit has b(*en made* to count tlu'm. Having 
markeel olf a certain portion e.)f the cluste'r, those in it were 
counte'd, find thc'n the total numbi'i* was e'stimated. VVe are 
told that there* are upward of »50,0()t) ! In the plieiteigraph they 
leie)k close* te)g('ther, but fuitually each is at least a million miles 
away froni its ne'are'st neigliliour — ineleeel, pre)bably a million 
milliein miles, as the elistance of tlie cluste'r is e'stimated at 
3(i,00() light-yefirs. lleuiembe'r, alse), thfit each is fi sun like 
our e)wn, pe'rhaps with planets iwolving about it. Can you 
think of fi more wonderful object ( 


What are the Stars made of ? 

Finally, cemside'r for fi jnoiiu'iit what is in the stars. 44iough 
the\v are* at e'neirmous elistanees, the'V are cemtinually sending 
fe^rth message's whicli are* earrie'd by mefins e)f thc'ir light-waves, 
and with the assistance of the spectroscope the astronomer can 
interpret what they say. 

We learn that these millions of suns, scattered throughout 
space in all directions, are comi)osed of iron, hydrogen, sodium, 
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carbon, and other subetances which arc known on the earth. 
All the heavenly bodies are built up from the same materials. 
There is a wonderful unity, or oneness, in the entire universe, 
and the thought comes to us that it is constructed aeeording to 
a definite, intelligent plan, and we feel that there is an Infinite 
Mind behind it and controlling it. 

When with the mind’s eye we look out upon the planets involv- 
ing about the sun, and the satellites revolving about the planets, 
each following its appointed path and at the same time rotating 
on its axis in its own definite period ; and then, looking farther 
away, behold the hosts of the stars and the ncbiilai, almost in- 
finite in number, in distance, and in size, but all made of the 
very substances which are familiar to us on the earth, some 
slight indication of the gieatness of the universe is revealed to 
us, and we are surely ready to agree with the I’salmist when he 
exclaims, ‘‘ The heavens declare the glory of God ; and the 
firmament shcweth his handy work.” 
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1 The mean distance of a planet i« one half the longest liamcter of its elliptical 
orbit 

> Iho true rotation )>erio(l of the uaith is not the ordinary daj, which is the interval 
fiom one noon to the next The sun is apparently moving eastward in the sky, and the 
rotation must be determined from the stars 
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II. THE STARS 

I. 'rni: 'Pw ENTV Miuoiitkst >St\R'* 

Anttmjui /// (tnltr nf huf/httn ss 
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The iiame.s of the stars in Ijjitin are f'ixen first, a Canis Majoris Is AlpJia of 
the (Jreat J)of^, a Carina* is Alpha of the Keel (tif the shii» of the Argonauts), and 
so on. 

These twenty stars are usually said to Ik* “of the first magnitude,” although 
they aetually differ greatly in brightness. 

In the last eolumn is given the relative brightness of the star and the sun, 
Bum)osing them to be placed at the sanio distaiiee from the observer. 

The letter S indicates that the star is in the southern hemisphere. 
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The Life-givino Sun 


This scene appears on the golden back of the throne found in the tomb of lut ankh- 
Amen. The king is seated on a cushioned throne, while before him stands his youthful 
queen In her left hand she holds a jar of perfume, or ointment, which she is gently 
applying to the king’s shoulder. From above the sun sends down his life-giving rays, 
each ending in a hand for bestowing gifts The hands before the king and queen hold 
the tknkh, the symbol of life, which is being offered to them. Behind the king are his 
two names, Tut-ankh-Amen and Kheperu-neb Ra The inscription behind the queen 
reads, ” The Lady of the Two Lands, Ankh s p Aten, brings much fine oil to anoint 
the Ring’s crown. May it give life eternal and strength unending ! ” 

Drawn from a photograph 
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INDEX 


Adams, J. C., Knglibh astronomer (1819- 
1892), discoverer of Neptune, 122 
Albireo, star in Cygnus, 147 
Alcor, star in Ursa Major, 14U, 156 
Alcyone, brightest star in Pleiades, 177 
Aldebaran, star in Taurus, 36, 143, 159 
Algol, star in Perseus, 149 
Almaach, star in Andromeda, 148, 160 
Alpheratz, star in Andromeda, 148, 160 
Alps, mountains on the moon, 83, 84 
Altair, star in Aquila, 148, 184 
Andromeda, ( onstellatioii, 141, 148, 
1 60 ; map of, 1 60 ; (Ireek myth con- 
cerning, 140-141 ; (jlreat Nebula in, 
149, 161, 163 

Antares, giant star in Scorpio, 148, 184 
Apennines, mountains on the moon, 83, 
84 

Aquarius, sign ol the zodiac, 13 ; con- 
stellation, 147 (map), 149 (map) 
Aquila, constellation, 43, 148 
Arcturus, star in Bootes, 145, 146, 184; 

distance, size, motion of, 145 
Argelander, h\ W. A., German astrono- 
mer (1799-1876), his star charts, 160 
Added (Deiieb), star in C^ygnus, 147, 184 
Aries, sign of the zodiac, 42 ; constella- 
tion, 143 (map) 

Asteroids, 60 ; between orbits of Mars 
and Jupiter, 124 ; discovery of first, 
124 ; number of, 124 ; how dis- 
covered, 124 ; sizes of, 124 ; largest 
(Vesta), 125 

Atmosphere on the moon, 86 : on Mars, 
100-101 

Auriga, constellation, 139 (map), 143 
(map) 

Aurora, relation to sun-spots, 67 
Autumn, stars of, 148-149 

Bbllatjux, star in Odon, 167 ; tem- 
perature of, 186 

Belt of Orion, 29, 143 ; “ Dark Bay ’* 
Nebula near, 174 

Betelgeuse, star in Orion, 29, 143, 166 ; 
diameter of, 167, 186 ; temperature 
of, 186 


Bootes, constellation, 145, 147 (map) 
Brashear, John A., and star distance, 
171 

Brooks, W. 11., American astronomer, 
comet discovered by, 129 

Camblopakdalus, constellation, 139 
(map) 

Cancer, sign of the zodiac, 42 ; con- 
stellation, 143 (map), 144, 181 
Canis Major, constellation, 143 
(^anis Minor, constellation, 144 
(*apella, star in Auriga, 147, 184 
Capdeornus, sign of the zodiac, 43 ; 

constellation, 147 (map), 149 (map) 
Carbon monoxide um in comets, 132 
Cassiopeia, constellation, HO; Greek 
myth concerning, 140-141 
Castor, star in Gemini, 143 
Caucasus, mountains on the moon, 83, 
84 

I Celestial equator, 29, 30, 41 
Celestial pole, 28, 29, 30, 46 
Celestial sphere, 21 et seq . ; vie\^ed from 
inside, 137 

Centaur, Alpha of the, distance of, 170, 
171, 184 

Cepheus, constellation, 140 ; Greek 
myth concerning, 140-141 
CetuR, constellation, 149 (map) 
Chromosphere of the sun, 68 
Clusters of stars, 178 el seq. ; Priesepe, 
144,181; Pleiades, 178-180; Hercules, 
181 

Comets, 48, members of solar system, 
127 ; behaviour of, on approaching 
the sun, 127 ; len^h of tail of, at 
pedhelion, 128; Encke’s, 128; strange 
appearance of, 129; Brooks’s, 129; 
Morehouse’s, 131 ; Halley’s, 131 ; 
nature of, 132 ; matedals in, 132 
Corona Borealis, constellation, 43, 147 
Corona of sun, 69-70; shape of, in 
relation to sun- 9 potB, 71 
Corvps, constellation, 146 (map) 

Cosmic dust, or fine matter, in space, 
173 
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Crater, 'I’yt'hu* «« the moon, 83 ; others 
on the moon, 83 (map) ; J’lato, 84, 
CriseH, Sea of, on the moon, 83, 85 
('yano^en ^as in cometH, 132 
(’y^nuH, eonslellation, 43, 147, U8, 172; 
Network Nebula in, 187, 188 

** Dark Bay Nebula in Orion, 174 
Dark markiiij^H in the Milky Way, 172- 
173 

DeimoH, moon of Mars, 108 
Dclphinus, constellation, 147 (map), 
1 19 (map) 

Dcneb (Aridcd), star in ( ‘ygiiUN, 147, 184 
Dipper ( Plough), group of stats, 2 1, 137, 
J38, 155; stars within the bouJ, 150 
Dipper, Little (Orsa Minor), 28 
Dog Star — aee Sirius 
Draco, constellation, 139 (map), 141 
Dubhe, star in Ursa Major, 140, 15t» 

Earth, its rotation shown, 32, 33 ; its 
orbit, 43 ; a jilanct, 50, 53 ; reason 
for believing it spherical, 58, 58, 59 ; 
size of, 58 ; relative sizes of the sun 
and, 84 ; relative masses of the sun 
and, 87 ; once joined to the siin, 75 ; 
relative sizes of the moon and, 78 ; 
relativ c sizes of Mercury and, 88 ; aiui 
Venus, 89 ; and Mars, 94 ; and 
Jupiter, 108; and Uranus, 120; and 
Neptune, 122; distance between the 
sun and, 170, 183 

Eclipse calculations, and the spherical 
shape of the earth, 59 
Eclipse of the sun, how produced, 89-70 
Ecliptic, sun's path in the sky, 40, 41, 43 
Egyptian worship of the sun, 74 ; of 
the moon, 85 
Ellipse, 52, 54 

Enckc, J. E., German astronomer ( 1 791- 
1885), his comet, 128 
Equator, celestial, 29, 30, 41 
Equinox, sun on celestial equator at 
time of, 40 

Eridanus, constellation, 143 (map) 
Evening star, Venus, 88, 91 

Eacul^', on sun, 84, 85 

Eire- ball, Klepesta's, 134 

Eomalhaut, star in Piscis Australis, 149 

Galileo, Italian astronomer (1584- 
1842), discoverer of Jupiter’s moons, 
107 

Gemini, sign of the zodiac, 42 ; con- 
stellation, 143 


Glacial periods on earth, possible cause 
of, 178 

Gravity, force of, on Mars, 105 

Great Bear — Mee Ursa Major 

Groat red spot on ilupiter, 110, 1 12 

Great Square of Pegasus, 148; stars 
wdthin, 150 

Guardians of the Pole, 140 

Gvro-compass, shows earth’s rotation, 
*^32-34 

Hall, Asaph, American astronomer 
(1829-1907), discoverer ol moons of 
Mars, 108 

Halley, Edmund, Astronomer Royal 
(1858-1722), Ills comet, 131 ; period 
of the c*omet, 131 ; its return in 1910, 
131 

Hercules, constellation, 43, 1 17 ; star 
cluster in, 147, 181 

Herschel, Sir William, English astrono- 
mer (1738-1822), 118, 117; his tele- 
hcofje ill 1781, 117; discovery of 
Uranus by, 119-120; his other tele- 
scopes, 120 

Hesjienis, evening star (Venus), 91 

Hi]i])archiis, Greek astronomer (c. 150 
B.U.), 84 

Hunting Hounds (Canes Venatici), con- 
stellation, 183 ; spiral nebula in, 183 ; 
its period ot rotation, 183 ; photo- 
graph ot, 184 

Hydra, constellation, 143 (map), 145 
(map) 

JUFITER, planet, 48, 50, 53, 183, 184; 
greatest of all planets, 107 ; distance 
of, from the sun, 107 ; revolution 
|)eriod of, 107 ; speed in orbit, 107 ; 
moons of, 107, 109-111 ; flattening of, 
108, 112; diameter of, 108; rotation 
])eriod of, 108; mass, density, tem- 
jierature of, 108 ; great red spot on, 

110, 112; photographs of the rdanet, 

111 , 112 

Klefesta, J., (*zecho-Slovakian astro- 
nomer, photograph of a fire-ball by. 


Leo, sign of the zodiac, 43 ; constella- 
tion, 43, 144 

Leverrier, U. J. J., French astronomer 
(1811-77), discoverer of Neptune, 122 
Libra, sign of the zodiac, 43 ; consteUa- 
I tion, 145 (map), 147 (map) 

I Light, speed of, 170, 184 
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Light-year, 1H8, 184 
Little Bear (Traa Minor), eonatellation, 
26. 140 

Lockyer, W. J. »S., English astronomer 
(1868- ), photograph of meteor bv, 
i:i6 

Lowell, Pereivnl, American astronomer 
( 1 8.')o- nil (i), (Irtawiiigs of Mars by, 08, 
00; drawings of Saturn, 114 
Lyra, constellation, 146, 148; Ring 
iVebiila in, 16(i; sun's ajiex, 177 

Maunettc STOH.MS, relation of, to sun- 
spots, 68 

Magnitudes of the stars, 140, 184 
* Man in the moon,' 70 
Marfak, star in Perseus, 148 
Mars, planet, 48, ,'50. 6:1, 04, I8:i, 184; 
distance ol, from sun, 04 ; revolution 
|ieriod of, 04 ; sp<^e<l, dianuder, mass 
of, 04 ; size of, compared w'ith the 
earth, 04 ; opposition of, to sun, 06 ; 
markings on its surface, 07 ; rotation 
jieriod of, 07 ; seasons of, 07 ; pole cap 
of, 08 ; canals of, 08 00 ; atmosphere 
of, HM) ; atmosphere of, revealed by 
photography, 101-103; habitability 
ol, 104; force of gravity on, 105; 
moons of, 106 

Masses of the sun and planets, 53, 5(), 
183 ; of the sun and the earth, 67 
Merak, star in LVsa Major, 140, I5(i 
Men-ury, planet, 48, 50, 53, 87, 183, 184; 
distance of, from the sun, 87, 170; 
(Ireek myth concerning, 87 ; swiftest 
moving of the planets, 87 ; speed in 
its orbit, 87 ; revolution peritxl of, 
88 ; diameter, mass of, 88 ; relative 
sizes of Ihe earth and, 88; rotation 
jK'riod of, 88 ; atmosphere of, 88 
Meridian plane, definition of, 142 
Meteor, trails produced by, 152. *SW 
aJm Shooting stars 
Meteorites, 136 

Milky V\Xv» 49, 143, 147 ; photographs 
of, 155; dark markings in, 172-173 
Mira, star in C'etus, 149 
Mirach, star in Andromeda, 148, 160 
Mizar, star in Ursa Major, 140, 156 
Moon, its daily motion, 22 ; its phases, 
23, 76-78 its motion among the 
stars, 36 ; and sun, apparent sizes of, 
75 ; its distance from the earth, 75 ; 
and earth, relative sizes of, 76; its 
diameter, mass, 76, 183 ; crescent 
and gibbous shape of, 77 ; influence 
of, on the weather, 79 ; the “termina- 


tor," 81 ; seas, craters, rays, moun- 
tains of, 83 ; shows the same face, 84 : 
librations of, 85 ; worship of, 85 ; a 
dead world, 86 ; no atmosphere, 86 
Moons of Mars, disc'overed by Hall, 106, 
184 (table) ; of Jupiter, 107, 109-111, 
181 (table) 

Morehouse, 1). W., American astrono- 
mer, his comet, 131 
Morning star, Wnus, 88, 91 
Motion of sun, 21 -22, 36 et srr/., 43 ; of 
mof>n, 22, 36 ; of stars, 23-24 

Xebula, Ring, in Lyra, 147, 166 ; (Ireat, 
in Orion, 158 ; (jreat, in Andromeda, 
160; spiral, in the Triangle, 163: 
spiral, in the Hunting Hounds, 163; 
spiral, seen edge on, 163; “Network,'* 
in f'ygniis, 167; “Pelican," 175; 
“ Oark Bay," in Orion, 176 
Nebular hypothesis, 126- 127 
Neptune, planet, 48, 50, 53, 121, 183, 
184; dis(‘Overed by mathematicians, 

121, 122; distance of, from the sun, 

122, 170 ; speed in its orbit, 122 ; re- 
v<i)ution period of, 122 ; diameter, 
mass of, 122 ; size of, (‘om pared with 
the eaith, 122 ; disec^very of its 
satellite, 122 

“Network" Nebula in Oygniis, 168 
Northern Cross (Cvgnus), constellation, 
147 

OpHirnirs, constellation, 147 (map) 

( Ipposition of a planet to the sun, 96 
Orion, constellation, 29, 43, 49, 142, 143, 
157 (map) ; Belt of, 29, 143 : numlier 
of stars in, 152; Oreat Nebula in, 
159 

PROAsrs, constellation, 43, 148 ; Oreat 
iSquare of, 148 ; stars within the 
Oreat Square, 156 
“ Pelican Nebula, 172 
Perseus, (constellation, 43, 139 (map), 
141 ; Oreek myth eoneerning, 140-141 
Phapthon, in myth eoneerning sith, 41-42 
Phases of the moon, how caused, 76-78; 

phases of Venus, 89-90 
Phobos, moon of Mars, 106 
Phmbus, in myth eoneerning sun, 41 
Phosphorus, the morning star ( Venus), 91 
Photosphere of the sun, 68 
Pisces, sign of the zodiac, 43 
Piscis Australis, constellation, 147 (map), 
149 

Planetary system, 50-55 
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Planetoids — see Asteroids 
Planets, 183, 184 ; distances of, from the 
sun, 50 ; comparative sizes of orbits, 
50 ; orbits are in the form of ellipses, 
52 ; orbits nearly in the same plane, 
52 ; motion in orbits, 53 ; relative 
sizes and masses of the sun and, 53, 55 
Pleiades, loose cluster of stars, 159, 177 ; | 
widespread ancient uses of, 180 ; 
number and nature of, 178-180; 
nebulous matter about, 180 
Plough, group of stars in Ursa Major, 
24, 137, 139, 155 

Pointers, two Stars in Ursa Major, 139, 
156 

Polar stars, daily motion of, 26, 27, 137 ; 
map of, 138, 139 ; Pointers, 139 ; 
Guardians of the Pole, 140 
Polaris — see Pole Star 
Pole, celestial, 28, 29, 30, 46 ; relation 
of, to the earth's pole, 34 
Pole Star (Polaris), 26, 27; rises as 
observer travels north, 58 ; in l^rsa 
Minor, 140; its distance, 171 
Pollux, star in Gemini, 143, 144, 184 
Prsssepe, cluster of stars, 144, 181 
Procyon, star in Canis Minor, 144 
Prominences on the sun, 68-69 ; the 
** Heliosaurus," 68; the *‘81111 Dog,” 
70 ; substances in, 68 ; highest on 
record, 69 ; visible during eclipses, 69 
Ptolemy, crater on the Moon, 84 

Ra, the Egyptian sun -god, 74 
Rainbow Bay, on the moon, 84 
Regulus, star in Leo, 144, 184 
Rigel, star in Orion, 29, 143, 156, 184 
Ring Nebula in Lyra, 147, 166 
Rotation of the earth demonstrated, 
32, 33 

Sagtttartu.s, sign of the zodiac, 43; 
constellation, 147 (map) : ])hotn- 
graph of stars in, 154 
Saturn, planet, 48, 50, 53, 112, 183, 184 ; 
distance of, from the sun, 112; speed 
in orbit, 112; revolution period of, 
112 : ' satellites of, 1 12 ; diameter oi 
ball, 112; rotation period of, 112; 
density of, 112-113; rings ot, 113; 
phases of the rings, 1 14-1 15 
Scorpio, sign of the zodiac, 42; con- 
stellation, 43, 147 (map) 

Serpens, constellation, 145 (map), 147 
(map) 

Shooting stars, photographic records of, 
132, 133, isntjipSmvmW: ftfr- 


ball, 134 ; 6re-ball observed by 
Klepesta, 134; by Lockyer, 136; 
meteorites, 136 

Showers, Sea of, on the moon, 83, 84, 
85 

Sickle, group of stars in Leo, 144 
Sirius (Dc^ Star), in (*anis Major, 29, 
49, 143, 146, 184 (table) ; distance 
of, 170, 171 

Slipher, V. M., American astronomer, 
and speed of nebula, 163 
Sol, myth concerning, 42 
Solar system, 48, 50 et seq, ; history and 
origin of, 126-127; its motion through 
spi^e, 147 

Solstice, summer and winter, 40 
Spectroscope, used in exploring the 
edge of the sun, 68 ; shows what is 
in the sun, 75 ; reveals the nature of 
the stars, 181 
Sphere, celestial, 21 ef seq. 

Spica, star in Virgo, 144-145, 184 (table) 
Spiral nebulae, 163-165 
Spring, stars of, 144-146 
Stars, their daily motion, 23-24 ; cir- 
cumpolar, 27,' 28, 137-138 ; photo- 
graphs of trails, 27, 28, 29 ; change 
with the seasons, 43; equatorial, 
141; of winter, 142-144; of spring, 
'144-146; of summer, 146-148; of 
autumn, 148-149 ; star maps, 137 ei 
seq. ; magnitudes of, 1^, 184 ; 

number of, 160, 185; which visible 
to naked eye and which \n telescope, 
150-152; distances of, 150, 168-169, 
184 : star clouds, 155 ; star clusters, 
178 et seqr, substances in the stars, 
181-182; temperatures of stars, 185 
Stonehenge, 37 
Summer, stars of, 146-148 
Sun, its daily motion, 21-22, 43 ; motion 
in the sky, 36, 37 ; annual motion, 
43 ; motion apparent, not real, 43 ; 
relative sizes and masses of the 
planets and, 53, 55 ; how to measure 
Its distance from the earth, 60-62; 
its distance from the earth, 62, 168 ; 
how to measure its size, 62-64 ; its 
size, 64; relative sizes and masses 
of the earth and, 64, 67 ; facuhe, 64, 
65 ; rotation on its axis, 66-67 ; 
its mass and density, 67 ; photo- 
sphere of, 68 ; chromosphere of, 68 ; 
prominenoes of, 68-69 ; corona, 69-72 ; 
eclipses of, 69, 71, 72; worship of. 










